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BLOOD COAGULATION IN LEUCEMIA AND POLYCYTHEMIA; VALUE 
OF THE HEPARIN CLOTTING TIME AND CLOT RETRACTION RATE 


RoBeERT L. ROSENTHAL, M.D. 
BERKELEY, CALIF. 


INTRODUCTION 


HROMBOSIS and hemorrhage are two of the most prominent causes of 

complication and morbidity in disease. This is particularly true of leucemia 
and polveythemia vera. Thrombosis, especially of the cerebral and coronary 
vessels, represents the most serious threat to life in polyeythemia.’ * * * Curi- 
ously enough, hemorrhage also occurs in this disease. It is a frequent symptom 
in the form of epistaxis and bleeding gums or may be quite severe after any 
type of surgical operation, even tooth extraction.” °* In leueemia, hemor- 
rhage has long been a widely recognized finding and a therapeutie problem.” * 

The value of studying the blood coagulation mechanisms in these diseases 
is readily apparent. However, a review of the literature revealed no adequate 
or extensive study of blood coagulation in these conditions except for a study 
on thromboeytopenic purpura in leucemia by Rosenthal.’ 

In acute leueemia and in many eases of chronie leucemia, bleeding can be 
attributed to a marked depression in platelet count and function. In these 
instances, the usual tests for platelet function such as bleeding time, tourniquet 
test, and presence of clot retraction give abnormal results. Bleeding in the 
absence of a definite thrombocytopenia or abnormality of the above-mentioned 
clotting or hemostatic tests, as is frequently observed in chronie leucemia, has 
never been explained adequately. In his monograph on leucemia, Forkner'’ 
stated, ‘‘Frequently no adequate explanation can be advanced as to the cause 
of bleeding in leukemia. The problem has been studied inadequately.”’ 

The general opinion upon coagulation, thrombosis, and hemorrhage in 
polyeythemia vera has been well summarized by Harrop and Wintrobe'’: 

“The blood platelets may be normal in number but are frequently in- 
creased, sometimes to three or four times their normal values. ... The various 
fests of the efficiency of blood coagulation reveal no striking abnormality. 
leeding time is usually essentially normal and coagulation time normal. In 
spite of thrombocytosis, clot retraction may be slow and little serum is usually 
formed, probably because of the great increase in the size of the blood mass. 
These features may explain not only the abnormal tendency to thrombosis in 
this disease but the blood vessel engorgement and slow clot retraction suggest 
in explanation for the frequent hemorrhages. ’”’ 

From the Division of Medical Physics and the Donner Laboratory, University of Cali- 

on ll This work was supported in part by a grant from the United States Public Health 
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It also has been observed that the clot forming from polyeythemie blood 


is fragile and may dissolve or become fluid upon minimal agitation.’” 


It is the purpose of this paper to report the results of a one and one-half 
vear study of blood coagulation in forty-five patients with polyeythemia vera, 
twenty-eight patients with leuecemia and sixteen patients with other diseases. 


During the course of this study, two new tests of blood coagulation were 
developed and carefully standardized upon sixty-four normal subjects. These 
tests are: 

1. Clot retraction rate. A quantitative measure of clot retraction obtained 
by electric resistance measurements. 

2. Heparin clotting time. A modification and simplification of the heparin 
tolerance test, which measures the effect of added heparin upon the elotting 
time of blood. 

METHODS 


All blood coagulation tests were performed in a water bath regulated at 37° C. upon 
venous blood carefully drawn to avoid tissue juice contamination. A dry syringe and 20 
gauge needle were used. The first and last cubie centimeters of blood in the syringe were 
not used for these tests. Blood counts were performed upon capillary blood. 

Clot Retraction Rate-—A method* was developed and described by Rosenthal and 
Tobias! by which a quantitative measure of clot retraction, as well as other information, may 
be obtained by the measurement of the electrie resistance of freshly drawn blood, as it elots. 
Fig. 1 shows a typical electric resistance curve with explanations and illustrations of the 
changes during coagulation. 

Since the increase in electric resistance is caused by retraction of the clot around the 
electrodes, the slope of the rising portion of the resistance curve is comparable to the ‘‘clot 
retraction rate.’’ The resistance increase was usually linear and most rapid during the 
first forty minutes of measurement. This period also was subject to the least amount of 
error and variation such as result from the edge of the electrode cutting through the re 


tracting clot. The clot retraction rate is calculated in the following manner: 


Specific resistance . Specific resistance 
Clot retraction rate at 35 min. at 15 min. 


in ohm-centimeters per minute 35 min. ; 15 min. 


Normal range: 4 to 10 ohm-cm. per minute; average value: 7.1 ohm-cm. per minute. 

Heparin Clotting Time or Heparin Prolonged Clotting Time.—This test measures the 
effect upon the clotting time of the addition of .004 mg. of heparin to 1 ¢.c. of venous blood. 
The use of this amount of heparin was arrived at by an extensive study upon the effects o! 
various amounts of heparin upon the clotting time of blood. 

Pyrex test tubes, 100 mm. by 13 mm. in dimensions, were marked with a scratch at 
level coincident with the bottom part of the meniscus of 1.1 ¢.c. of fluid. Heparint was di 
luted to provide .004 mg. per 0.1 ¢.c. of isotonic saline; 0.1 ¢.c. of this heparin solution was 
placed in a dry test tube prepared as described. The clotting time was then determine 
after placing freshly drawn blood in the tube up to the scratch mark, thereby adding 1 ¢.c. of 
blood. The blood and heparin were thoroughly mixed by inverting the tube twice. A stoppe! 
was inserted and the tube was examined with minimal tilting and agitation for the formatio! 


*The method of electric resistance measurement was revised by Dr. C. W. Tobias, assist¢ 
by Mr. L. Lipetz. Measurements, since June, 1948, have been obtained by comparing t} 
potential across the electrodes to a standard potential. A constant current is used, and th: 
resultant potential across the electrodes is directly related to the electric resistance. Measurt 
ments are recorded automatically by a 6 channel Speedomax (Leeds and Northrup) ever 
twelve seconds for each sample. 

+Heparin made by Lederle Laboratories was used in this study. Most commerci 
preparations, which may be used in this test, consist of the purified sodium salt of heparin 
solution, 1 c.c. containing 10 mg. of heparin. 
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of a firm clot at one-minute intervals beginning at twelve minutes. The end point or clotting 





time occurred when the tube could be completely inverted without any fluid breaking from 
the clot. Careful attention to three factors in the technique eliminated much error and varia- 
tion. 1. Precise measurement of the volumes of heparin solution and blood. The use of a 
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Fig. 1.—Typical electric resistance curve with explanations and illustrations of the changes 
during coagulation. 


pipette for the measure of blood was not necessary if the relation between the scratch mark 
and meniscus of the blood was consistent. 2. Thorough mixing of the heparin with the 
blood. 38. Minimal agitation of the blood in the determination of the clotting time. In the 
course of this study it was possible to obtain good end points for clotting times as long as 
five hours. Duplicate measurements upon aliquot samples of blood showed an average varia- 
tion of less than 5 per cent. 
Normal range: 20 to 35 minutes. Average value: 27.5 minutes. 
Clotting Time (Lee-White).—This is a variation of the Lee-White clotting time. One 
ibie centimeter of blood was placed in a dry, Pyrex tube, 100 mm. by 13 mm. in dimensions. 
The tube was examined for clot formation by minimal tilting every half minute. Normal 
ange: 5 to 10.5 minutes. 
Toluidine Blue Titration Test.—This test measured the effect of a series of concentra 
tions of toluidine blue on the clotting time of recalcified oxalated plasma. Venous blood was 
ixed with 0.1 molar sodium oxalate, nine parts to one, and centrifuged for fifteen minutes 
medium speed in @ small clinical centrifuge. One-tenth cubic centimeter of plasma was 


% 


led to each of six increasing amounts of toluidine blue* in 0.05 c¢.c. of isotonic saline. One- 
th eubie centimeter of .025 molar calcium chloride solution was added to each tube which 
5 then examined every fifteen seconds for clot formation. A control tube containing saline 
thout toluidine blue was also measured. 

Clot Retraction by Inspection.—The amount of clot.retraction was estimated by external 
pection of the clots formed in the electric resistance, heparin clotting, and Lee-White 
ting tubes at four and twenty-four hours. 


. *Toluidine blue 0, made by National Aniline Division, Allied Chemical and Dye Corp., 
. York, N. Y Total dye content was 69 per cent. 
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Bleeding Time.—The method described by Dukel4 was used. The ear lobe was firmly 
punctured with a pointed scalpel blade and was observed every half minute for cessation of 
bleeding. Normal range: 2.5 to 6 minutes. 

Prothrombin Time.—A variation of the Quick15 method described by Rosenfield and 
Tuft!6 was used with a few modifications. Dried rabbit brain thromboplastin (made by 
Difco Laboratories) was freshly prepared each time measurements were made, .0125 molar 
calcium chloride was used. Determinations were made on 100 per cent and 10 per cent plasma, 
which was diluted with barium sulfate-treated plasma. Normal ranges: 100 per cent plasma, 
14.0 to 18.0 seconds; 10 per cent plasma, 24.0 to 35.0 seconds. 

Tourniquet Test.—A rubber tourniquet was placed snugly around the lower part of the 
arm for five minutes without obliterating the arterial pulse. A positive test consisted of the 
appearance of numerous petechiae below the level of the tourniquet. 

Hematocrit—Heparinized blood was placed in a Wintrobe tube and centrifuged for 
one-half hour at 2,000 revolutions per minute. The reading of the red cell volume in per cent 
was then made. Normal range: 40.5 to 51.0 per cent. 

Sedimentation Rate of Red Cells——Heparinized blood was placed in a Wintrobe tube 
and the amount of sedimentation of the red cells was measured in millimeters after one hour. 

Platelet Count.—Red cell pipette and Rees-Eckers diluting solution were used. Counts 
were determined upon capillary blood. Normal range: 200,000 to 400,000. 

Red and white cell counts and differentials were performed according to routine lab 


oratory technique. A photoelectric method was used for the hemoglobin determinations. 


MATERIAL AND PROCEDURE OF STUDY 


The coagulation and hematologic studies were performed both upon normal, apparently 
healthy subjects and upon patients seen at the Donner clinic. All the patients were ambu 
latory and were distributed from a standpoint of diagnosis as follows: polycythemia vera 
untreated, thirty-nine, treated (in remission), four, leucemic phase, two; leucemia—acute, two, 


chronic myelocytic, nine, chronic lymphocytic, sixteen, chronic eosinophilic (? 


‘, Ones lymphoma, 
four; multiple myeloma, two; agnogenic myeloid metaplasia, two; secondary polycythemia, 
two; other diseases (nonhematologic), six. 

At various stages of the study, different groups of coagulation tests were performed. 
In the last two-thirds of the study the following tests were routinely performed: clot re 
traction rate (electric resistance measurement of the blood), heparin clotting time, Lee-Whit 
clotting time, hematocrit, and platelet count. Bleeding time, tourniquet test, erythrocyte 
sedimentation rate, and toluidine blue titration were performed on selected patients. The 
prothrombin time was employed only in the early stages of the study. 

Many of the patients have been studied at various intervals in order to relate the co 
agulation picture to the hematologic and clinical course and the effect of radioactive isotopes 
and other therapy. However, this report is primarily devoted to the consideration of the 
initial studies for each patient. 

RESULTS 

The results for each test will be deseribed briefly and then some significant 
relationships among the coagulation tests, hematologic picture, and elinica! 
status will be presented. 

Clot Retraction Rate.—F ig. 2 shows the results of this test for the norma! 
subjects and various groups of patients. For the normal subjects, the presence 
of two peaks can be seen at 6 to 7 and 8 to 9 ohm-em. per minute. The first 
range corresponds to the peak of distribution of seventeen female subjects, th: 
second to that of thirty-six male subjects. The average values of each of thes: 
groups were not statistically different. Eleven of twenty-five leucemic patients 
showed clot retraction rates below the lower limit of normal; while twelve o 
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forty-one patients with polveythemia vera had values above the normal range, 
indicative of increased clot retraction. The distributions for the other groups 
are apparent. 
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The relative effect of various factors involved in clot retraction upon the 
clot retraction rate was indicated by further analysis of the data and examina- 
tion of the pattern of the electric resistance curves. The platelet count ap- 
peared to be the most important factor, showing a high correlation coefficient 
With the clot retraction rate of +.83. The hematocrit, as indicated by the initial 
blood resistance, had only a negligible effeet upon the clot retraction rate. The 
presence of an abnormally rapid red cell sedimentation rate showed its effect 
Upon the pattern of the electric resistance curves as illustrated and explained 
in lig. 3, A and B. This unusual pattern, called the ‘‘atypical electric resist- 
alice curve,’’ usually occurred in the blood of leucemie patients with low 
hematocrits and rapid red cell sedimentation rates. The results indicate, how- 
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ever, that the clot retraction rates computed from these curves are not 
significantly altered by the red cell sedimentation. Fig. 3, C and D, gives 
examples of resistance curves giving low and high clot retraction rates respec- 
tively. Twelve duplicate measurements on aliquot samples of blood showed an 
average variation in clot retraction rate of 10 per cent. 





T 
ATYPICAL ELECTRIC RESISTANCE CURVE 
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Fig. 3.—A and B, Examples and explanation of the atypical electric resistance cut 
C and D, Examples of typical electric resistance curves which gave decreased and incre 
clot retraction rates respectively. 


Heparin Clotting Time.—The results of this test are shown in Fig. | 
Thirty-three normal subjects showed a normal distribution of values. Eley 
of twenty-one leucemic patients showed a definite prolongation of varying deg 
up to 155 min., as compared with the upper limit of normal of 35 minutes. 
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In polycythemia vera, twenty-four patients had normal values; three values 
were rapid and eight prolonged. The effeet of an elevated hematocrit upon these 
results merits special consideration. Since the standard amount of heparin 
is added to a constant volume of blood, samples with higher hematocrits will 
have a correspondingly higher heparin concentration in the plasma. As red cells 
do not appear to play any active part in the clotting process, the higher heparin 






















































































5 
PATIENTS WITHOUT PRIMARY HEMATOPOIETIC DISEASE - § SUBJECTS 

) Coma. A 

ST OTHER HEMATOPOIETIC DISEASE - 3 SUBJECTS 

0 v7 . " 7A FIER TL. 

5 

LYMPHOMA - 3 SUBJECTS 

0 ea 7] [ g 1 

\ 

. LEUKEMIA — 2/ SUBJECTS x4) 
m2) bg 
5 Y 
w 5 
a 
a 
uw i¢] LLh PA / / 
© 10 
x POLYCYTHEMIA VERA - 35 SUBJECTS 
D 
= 
- 

z 
15 $ 47, 
10 “7 
1, i # J f io 
- / J y, 
YY Yj 
) SABES Lh fa 3 ZZZZ21 
“2i 2! 26 3! 36 4! 46 5! >5! 
HEPARIN PROLONGED CLOTTING TIME (MINUTES) 
0.004 MG HEPARIN ADDED TO | CC. OF BLOOD 
Fig. 4.—Distribution of results of the heparin clotting time (or heparin prolonged clotting 


time) for the various groups of subjects. 


concentration in the plasma could conceivably increase the heparin clotting time. 
) 


This was found to be true for one patient who had hematoerits of 71, 63, 58, and 
1) per eent at the times of study. Correction of the heparin clotting times 


‘or hematocrit caused a shift of five patients in the normal range to the rapid 
range, 


In the other groups, patients with lymphomas and other hematologic disease 


tended to show prolonged values while all patients without any primary hemato- 
poietic disease were in the normal range. 

Clotting Time (Lee-White).—<As shown in Fig. 5, all the patients showed 
normal values for this test. 
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Titration Test.—This test 


was performed upon eight sub 


jects for the purpose of detecting the presence of free or excess heparin in the 


blood. 


Fig. 5. 
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The results are presented in Table I. 


In each case, the test was negative. 
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markedly impaired clot retraction, prolonged heparin clotting time, diminished 


numbers of platelets, and prolonged bleeding time. 


TABLE I. TOLVIDINE BLUE TITRATION TEST PERFORMEI 


AMOUNT OF 
TOLUIDINE 
BLUE IN 
SALINE ADDED 
TO PLASMA 
(MG. ) 
0.0000 
0.0015 
0.0031 
0.0062 
0.0125 
0.0250 
0.0500 


CLOTTING TIME OF PLASMA AFT 


B. E. P. Q. 
CHRONIC | CHRONIC 
MYELO LYMPHO 
CYTIC CYTIC 
2.8; H. M. LEU LEU 
NORMAL NORMAL CEMIA CEMIA 
3.0 3.5 2.5 3.2 
3.2 a0 2.0 2.7 
a0 4.2 2.5 4.0 
— Th 5.5 3.0 4.0 
4.2 7.0 4.0 4.5 
5.0 8.0 5.0 5.0 
a3 10.0 8.0 16.0 


YON RECALCIFIED OXALATED PLASMA 


ER RECALCIFICATION (MIN. ) 
WwW. P 
SE¢ 
M. A. H. K. ON DAR‘ 
POLY- POLY- | z. D. POLY 
CY THE- CY THE- MULTIPLE] CYTHI 
MIA VERA | MIA VERA | MYELOMA MIA 
4.5 4.0 3.5. 3.0 
5.2 4.5 oar 3.0 
5.5 4.7 4.5 3.2 
6.0 Dud 4.7 3.0 
8.0 8.0 6.7 4.2 
11.0 12.0 9.2 6.0 
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Prothrombin Time.—This test gave normal results in nine patients with 
polyeythemia vera, four with chronic leucemia, one with secondary poly- 
eythemia, and two with other diseases. 

Relation of Coagulation, Hematologic and Clinical Findings. 

Leucemia: Patients with leueemia were divided into two groups, those 
with normal heparin elotting times below 40 min. and those with values above 
10 minutes. This revealed definite relations among certain coagulation tests, 
clinical evidence of bleeding, and hematologic status and eourse as shown in 
Table I. 

In Group 1, where the heparin clotting times ranged from 26 to 40 min., 
no patient had any clinieal evidence of bleeding except for one case in which 
vaginal bleeding was discovered to be caused locally by a uterine neoplasm. 
The clot retraction rates were normal except for a slight increase in one case. 
Platelet counts were all above 200,000. 

In contrast, Group 2 showed heparin clotting times ranging from 44 to 
15D minutes. Eight of the eleven patients in this group showed some elin- 
ical evidence of bleeding, the severity of which appeared related to the de- 
vree of prolongation of the heparin clotting time. The bleeding usually oe- 
curred from the nose, mouth, and gums and followed such procedure as a 
sternal puncture. Purpura of the skin occurred in four patients. The bleeding 
could be graded as severe in only one subject. Eight of these patients showed 
impaired clot retraction with clot retraction rates below the lower normal 
limit of 4 ohm-em. per minute. Eight patients had platelet counts below 
200,000. The bleeding time was prolonged in only two of six eases with bleed- 
ing. In these six cases, the clot retraction rate was below normal and the 
heparin clotting time prolonged. The tourniquet test was negative in four 
patients with bleeding. 

Hematologic findings differed in the two groups. Red cell counts and 
hematoerits were consistently higher in Group 1. White cell counts were 
similar, 

A striking difference in the course of the disease was found between the 
two groups. Follow-up as of January, 1949, revealed that one patient in 
(iroup | and five patients in Group 2 had died. 

Polycythemia Vera: In this series of thirty-nine patients, untreated ex- 
cept for a few phlebotomies, thirteen had histories of either thrombosis or 
hemorrhage. At the time of this study, no patient showed active evidence of 
these complieations. Fourteen or 36 per cent of these patients had an eleva- 

in platelet count above 400,000; while twelve of thirty-six or 33 per cent 

an inerease in ¢lot retraction rate. Table IIL presents the coagulation and 
itologie data for these twelve patients whose clot retraction rates ranged 
10.2 to 17.6 ohm-em. per minute. Nine of these patients had platelet 

ts above 400,000. The heparin clotting time appeared to be generally in 

the normal range. After correction for hematoerit, eight of thirty-five un- 
trested patients with polyeythemia had rapid heparin clotting times. The 
bleding time was normal in five patients. Hematologieally, the untreated 


Patents generally had elevated red and white cell counts and elevated 


he toerits. 
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COAGULATION AND HEMATOLOGIC DatA FOR POLYCYTHEMIA VERA PATIENTS WITH 


DATE 


INCREASED CLOT 


CLOT RE- 
TRACTION 
RATE 
(OHM-CM, 


RETRACTION 


HEPARIN 
PLATELET | CLOTTING 
COUNT TIME 


RATES 


CLOT 
TING 


RED CELL 
COUNT 
(x106) 


HEMATO- 


CRIT 


WHITE 
CELL 
COUNT 


TIME 
PATIENT ( MIN.) 
Rae. 
H. M. 
L.G 


(MO.-YR.)| PER MIN, ) 
10-47 10.2 
9-48 10.; 

a | $-48 LO 

A.P. 10-47 11. 

H. K. 1-48 124 

T. PF. \ 6-48 ios 

., W. . 10-48 1 

} 11-48 13. 

6-48 15 

F 
| 
| 


(CU.MM.)| (MIN.) 
680,000 
200,000 
600,000 


(CU.MM.) (%) (CU.MM. 
$5 18,800 
wot 66 16,600 
£6 69 14,200 
$70,000 70 58 21,800 
350,000 E o4 one 13,500 
$00,000 2 j 5.12 52 12,500 
180,000 2 1.84 60 39,000 
580,000 8.30 61 33,000 
376,000 1.16 65 12,000 
$90,000 | 45 62.: 10,300 
540,000 35,900 


i.88 64 
6 580,000 42 56 13, (900 


3S) ee oi eS) | 


10-48 5 
J 10-48 
M 11-48 


In the clot retraction studies, inspection of the clots frequently showed 
little or no evidence of clot retraction: while, at the same time, the electric 
resistance curves indicated abnormally rapid retraction. When the electrodes 
were removed after twenty-four hours, a small, firm elot was often found 
well retracted between the electrodes. This was surrounded by red cells sus- 
This 
tended to occur chiefly in patients with both elevated hematocrits and platelet 
counts. 


pended in serum which composed most of the volume of the sample. 


These patients also gave poor end points of clotting time and some- 
times a solid clot either never formed or rapidly dissolved. 

our patients in hematologic remission had normal clot retraction rates. 
Platelet counts were normal in three patients, slightly depressed below 200,000 
Of 
the two patients in the leucemice phase of polycythemia, one had a depressed 


in one. Teparin clotting time was normal in two and prolonged in two. 
platelet count and low clot retraction rate, while the other had normal values 
lor these tests and for the heparin clotting time. 
Other Diseases: Beeause the number of patients in this category is small 
and the types of diseases varied, only some general observations will be made. 
‘atients with lymphomas and other diseases related to the hematopoietic sys- 
mm generally showed some bone marrow depression as evidenced by anemia 
| slight thrombocytopenia. None had any sign of hemorrhage. 
its tended to have prolonged heparin clotting times and lowered elot re- 
ction rates. 


These pa- 


Patients wtihout hematologie disease and without evidence of 
ie marrow depression had normal platelet counts, clot retraction rates, 
heparin clotting times. The two patients with polyeythemia secondary 
ongenital eardiae abnormalities had normal values for these tests. 
DISCUSSION 
The results of this study have revealed certain new findings relative to 
d coagulation in leucemia and polycythemia vera. 
One-half of the patients with either chronie myelocytic or chronic lympho- 
leucemia showed a blood coagulation defect characterized by slight 
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thrombocytopenia (100,000 to 200,000), diminished clot retraction rate, and 
prolonged heparin clotting time. This defect was closely related to the pres 
ence of clinical evidence of bleeding. The severity of the bleeding appeared 
to be especially related to the degree of heparin clotting time prolongation 
and, to a lesser extent, to the degree of depression of the clot retraction rate 
The platelet count, bleeding time, and tourniquet test showed less relation ti 
the clinical picture of hemorrhage, while the Lee-White clotting time was 
entirely unrelated. It should be emphasized that these patients did not hav 
the marked purpura, hemorrhages, or thrombocytopenia (below 80,000) fr 
quently associated with aeute leuecemia or chronic leucemia in the termina 
stage. Study of a few patients in these categories indicates the above-mer 
tioned clotting changes to be present in even greater degree. 

Leucemic patients without any evidence of bleeding showed normal values 
for the coagulation tests and platelet counts above 200,000. These patients, 
in comparison with the foregoing group, appeared to be in better condition, 
both hematologically and elinieally. This is further indicated by the fact 
that one of ten patients in this group had died as of January, 1949, whil 
among those patients showing the coagulation defect, five of eleven had died 
This is compatible with the observations of Minot and Buekman"™ and others 
that the level of platelets appears related to the general status of the leucemic 
patient, with a progressive thrombocytopenia indicative of a poor prognosis 

In polyeythemia vera, it was noted that the blood of patients with el 
vated hematocrits and platelet counts formed fragile, rapidly dissolving clots 
which appeared to have poor retraction. Electrie resistance measurements 
and careful inspection, however, often indicated the presence of a small, wel 


retracted clot surrounded by a red cell suspension in serum. With a r 
tively small amount of serum present, a widely latticed fibrin network c¢lot 
probably is formed. Under the influence of the large number of platelets, 
clot retraction oceurs at a rapid rate but fewer red cells are caught in the net 
work so that the retracted elot becomes very small, leaving most of the red 
cells suspended in serum at the periphery to give the appearance of poor clot 
retraction, as recorded in the literature. This defective clot formation con- 
tributes to the bleeding symptomatology in polyeythemia. Hence, the throm! 
eytosis, combined with the high hematocrit and increased blood viscosity, is 
an important factor in both the hemorrhagie and thrombotie complications. 
The comparable incidence of history of hemorrhage or thrombosis, increas: 
platelet count, and increased clot retraction rate in 335 per cent of these 
tients merits particular note. It emphasizes the importance of the platelet 
and the urgent necessity of reducing an elevated platelet count in the treat 
ment of polyeythemia vera to avoid serious complication from thrombosis 
hemorrhage. The depressant effect of P*? and other radioactive isotopes uj 


platelet formation enhances their value as therapeutic agents in polycythe: 


vera. 
The mechanism of the prolongation of the heparin clotting time, whicli 's 
indicative of an increased clotting sensitivity of the blood to added hepai 
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cannot be fully explained. It involves incompletely understood effects of 
heparin upon the clotting mechanism and the factors in the blood which can 
either inactivate heparin by combining with it or which directly antagonize 
its anticoagulant properties. On the basis of the present study and a critical 
review’ of the literature, it appears that the platelets play a very important 
role in determination of the resultant effect of heparin upon the clotting 
time. This is indicated by statistical analysis of the data in the present study 
which revealed positive correlations between the heparin clotting time and 
both the clot retraction rate and platelet count. This is further seen in the 
occurrence of a prolonged heparin clotting time chiefly in patients with 
hematologic evidence of bone marrow depression, thrombocytopenia, and im- 
paired clot retraction. Studies to determine the relative effeets of platelets 
and heparin upon the clotting mechanism are in progress. 

The suggestion by Allen and associates'’® that in bleeding associated with 
thrombocytopenic purpura an increased amount of heparin or similar sub- 
stance may be in the blood appears unlikely. In two leucemie patients with 
marked hemorrhages, the toluidine blue titration test was negative for free or 
inereased heparin in the blood. One of these patients had a markedly pro- 
longed heparin clotting time of 154 minutes. It is improbable that even a 
minimal blood heparin increase, which is not great enough to be detected by 
any present method, could approach in importance the role of the thrombo- 
cytopenia as a causative factor in the hemorrhagic symptoms of these diseases. 

The results of this study indicate the relative value of the various ¢o- 
agulation tests or indices. The platelet count, bleeding time, and tourniquet 
test for capillary fragility are liable to both subjective and inherent errors 
and, at best, give only approximate and qualitative information. The pro- 
thrombin time shows significant alterations in a limited type of hemorrhagic 
dyserasia as seen in severe liver damage. The Lee-White clotting time reveals 
clotting abnormalities in only a small fraction of conditions, of which hemo- 
philia is the most prominent. The limited value of this widely used test ean- 
not be overemphasized. 

The clot retraction rate obtained by electric resistance measurements pro- 

ides both an objective and quantitative measure of clot retraction, the im- 
portanee of which has suffered through a lack of adequate means for its 
ineasurement. It has been shown that the electric resistance method eliminates 
the effeet of certain variable factors such as hematocrit and erythrocyte sedi- 


nientation rate which often prevent reliable evaluation of clot retraction by 


spection. There is a high correlation between platelet count and elot re- 
etion rate. Its clinical use is limited by the equipment required, but a 
table instrument is in the process of development. 

The heparin clotting time appears to give an extremely sensitive and 
intitative coagulation measurement, in close agreement with the elinical 
lings. The value of this test in the detection of accelerated clotting in 
mbotie conditions has long been realized?°-** but it has been of little elin- 

value beeause of inadequate standardization and simplification. The 
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method presented in this report has been devised to eliminate these diffi 


culties. The test can readily be adapted to routine clinical use for the detee- 
tion of either a rapid or slow clotting process. In addition to its diagnostic 


value, it can serve as a valuable therapeutic guide. 


SUMMARY 


1. Two methods for the measurement of blood coagulation are presented 
the heparin clotting time and the clot retraction rate. The heparin clotting 
time measures the clotting sensitivity of the blood to added heparin. The 
clot retraction rate is a quantitative measure of clot retraction obtained by 
electric resistance measurements. Both tests were well standardized on 
large number of normal subjects. Clearly defined upper and lower limits o! 
normal were established. 

2. In chronic leucemia, both myelocytic and lymphocytic, one-half of the 
patients showed a previously unreported coagulation defect characterized by 
a prolongation of the heparin clotting time, decreased clot retraction rate, and 
a slight thrombocytopenia between 110,000 and 180,000. The severity of this 
defect was closely related to the degree of hemorrhagic symptoms. No free 
or neutralizable heparin was detected by a toluidine blue titration test in the 
blood of two patients with marked hemorrhagie symptoms and the foregoing 
clotting defect. Leucemie patients without this clotting defeet and thus with 
normal values for the coagulation tests showed no evidence of bleeding. These 
patients were in better condition, both hematologically and clinically, and had 
a better prognosis than patients with the coagulation defect. 

3. Of the untreated patients with polyeythemia vera and elevated hemato 
erits, 53 per cent showed increased clot retraction rates and platelet counts 
elevated above 400,000, A similar percentage of these patients had histories 
of either thrombosis or hemorrhage. An explanation is given for the simul 
taneous presence of an increased clot retraction rate, external appearance of 
poor clot retraction, and the formation of fragile, readily dissolving clots i! 
many of the patients. These studies indicate that the elevation in platelet 
count is the most important single factor in the occurrence of both hemorrhage 
and thrombosis in polycythemia. Therapy should aim toward the rapid reduc 
tion of an increased number of platelets. 

4. The results of this study provide indications of the relative clinica! 
value of the various coagulation tests. The inadequacies and limitations o| 
the platelet count, bleeding time, tourniquet test, and clot retraction estimaté 
by inspection are shown. The extremely limited value of the widely us 
Lee-White clotting time cannot be overemphasized. The clot retraction rat: 
provides a useful, quantitative measure of clot retraction but it requires sp: 
cial equipment for its performance. The heparin clotting time appears to 
the most valuable single test or index of coagulation. Readily adaptable 
both routine clinieal and experimental use, it enables the detection of eith: 
abnormally increased or decreased clotting ability. 

The author wishes to thank Dr. John H. Lawrence for his valuable guidance and « 
tinued interest, and Agnes Benedek for her assistance. Dr. H. Jones and Dr. J. Wea 


provided assistance in the presentation, 
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STUDIES ON THROMBOCYTOPEN 
I. A RELIABLE Test FoR THIS PRINCIPLE IN ORGAN HOMOGENATES AND IN URINI 


KARL SINGER, M.D., AND RoYAL ROTTER, M.D. 
CHICAGO, ILL. 


l* 1933 Torrioli and Puddu*" discovered that an extract prepared from the 


spleen of a patient with idiopathic thrombocytopenic purpura contained an 
agent which injured the megakaryocytes in bone marrow cultures. The sami 
principle was then found to be present not only in normal spleens, but in other 
normal organs as well (liver, lung, heart, lymph nodes, and omentum), although 
in apparently lesser concentrations. When a protein-free aqueous extract 
from a normal spleen was injected intravenously into rabbits, a considerab| 
reduction of the platelets in the circulating blood became noticeable. Blood ot 
the splenic vein contained more of this agent in comparison with blood of the 
splenic artery. Based on these findings, the hypothesis was advaneed_ that 
thrombocytopenic purpura may be caused by an inereased production of a 
platelet-reducing substance in the spleen. Splenectomy therefore should abo! 
ish this factor. 

Troland and Lee*’: *' in 1938 demonstrated that acetone extracts of three 
spleens of patients with Werlhof’s disease decreased the platelet count sharp!s 
when injected into rabbits. They called the principle responsible for these 
changes ‘*thrombocytopen. ”’ However, these workers were not able to recover 
thrombocytopen from normal organs (including the spleen), nor from spleens 
of patients with hemolytic anemia or Banti’s syndrome. 

Subsequently many investigators have studied this problem. Although 
some could confirm these findings,” '* *® '% 1% ** 2° others did not observe an) 
platelet reduction’: 1 '* ?5 or found inconsistent results.4 % 1 1%) 88 Th 
variable responses were often considered to be caused by the mode of prepar 
ing the extracts. Most investigators used acetone, although Hobson and Witts 
found a suspension of the tissue particles in Ringer solution more effective 
Interpretation of the results was also difficult because of the spontaneous flu 
tuations of the platelet counts in the test animals. Most workers used rabbits 
but rats* ** °° and dogs’ also were employed. 

Our approach to this problem was directed by the following considerations 
Assuming that a thrombocytopen is manufactured by the spleen in thromboe) 
topenic purpura, it seems very likely that the liver—being the first organ 
receive the blood coming from the spleen—might inactivate this principle. T! 
assumption becomes even more probable when Moolten’s hypothesis,’ ' tha! 
thrombocytopen may be a steroid, is taken into account. The effect of thromb 
eytopen may then depend not only on its concentration in the extraet, but al 
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on the modifying activity of the liver of the test animal. Consequently, a more 
reliable test for thromboeytopen may become available by injection of organ 
extracts Into animals with liver cell damage. 

These considerations seem to be borne out by our experimental studies. 
When organ homogenates were injected intraperitoneally into rats in whieh a 
high degree of liver cell damage was produced by carbon tetrachloride, a 
marked reduction of the platelet counts was consistently demonstrable. These 
results were not only obtained with preparations from normal and pathologic 
human spleens, but also with material from other normal animal organs. A 
thromboeytopen* was found also in urine, from which it could be extracted 
with ether. 

MATERIAL AND METHODS 

All studies were performed on albino rats weighing between 150 and 300 grams. Male 
rats were used since males are more susceptible to intoxication with carbon tetrachloride 
than are females.8 The animals were kept in separate metal cages and maintained on 
Purina dog chow and water. Each rat was used for one experiment only. 


Blood was obtained by heart puncture, under ether anesthesia, with tuberculin syringes 


and gauge 23 needles, which had previously been rinsed with a 3.8 per cent sodium citrate 
} 


solution, About 0.2 ¢.c. of blood was transferred into a small paraffin dish containing a few 
crystals of an ammonium and potassium oxalate mixture. The blood was stirred gently 
with a parattn stick to achieve equal distribution of the formed elements. Films were pre 
pared from the last remaining drop of blood in the syringe. 

In each instance the red and white cell counts were determined besides the enumera 
tion of the platelets. For the latter, the method of Rees and Ecker?! was used. The hemo 
cytometers were kept for a period of twenty minutes in a wet chamber to assure proper 
settling of the thrombocytes without loss of fluid. All platelet counts were performed simul 
taneously by two workers and the results averaged. 

Normal values established with these procedures are: R.B.C., 7.56 million + 1.3; W.B.C., 
16,500 4 6,000; platelets, 500,000 to 900,000 per cubic millimeter. Rarely an animal was 
encountered showing a platelet count below 500,000. Such rats were considered unsuitable 
for the experiments. Ether anesthesia did not influence the results.5 

Evaluation of the platelet count must take into account that the number of thrombo 
cytes in the same animal may vary greatly, the range lying between 500,000 and 900,000. 
(he same figures represent the normal values found in the rat population as a whole. Nor 

al animals used in this study never had a platelet level below half a million. Consequently 
deerease was considered significant only when the thrombocytes were reduced below this 
alue. 

Production of Liver Cell Damage.—Carhon tetrachloride (0.5 c¢.e. per kilogram) was 
jected intraperitoneally on alternate days according to the method of Brauer and Root.’ 
his procedure assures severe liver cell damage with only minor injury to the kidneys. 
‘wo injections were found to be sufficient to secure adequate responses to thrombocytopen. 

desired, the liver cell damage may be maintained by repeated administrations of carbon 
trachloride. Blood films from such animals very frequently showed many target cells. 
rget cells are known to occur also in human parenchymatous liver disease.! 

Preparation of Organ Suspensions.—After removal from the organism, the organs were 
mediately wrapped in a clean cloth and placed on dry ice in a deep freeze unit. For 
‘paration of the saline suspension, the organs were defrosted, weighed, and cut into small 
ces. These were mixed with double the volume of physiologic saline solution in a Waring 
ndor, gradually set to maximal speed for a period of ten minutes. The saline suspension 

*For the sake of convenience and because of usage in the literature the term ‘‘throm- 


ytopen”’ will be used throughout to denote a chemically unknown factor or factors which 
ress the platelet count in the test animals. 
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was then filtered first through two layers and then through four folds of gauze. After 
this the suspension was put back into the freezing unit and defrosted completely for each 
particular use. 

Procedure for the Determination of the Effect of Organ Suspensions in the Rats 
With Liver Cell Damage.—Liver cell damage was first produced by two applications of earbon 
tetrachloride. Two days following the last injection, the red cell, white cell, and platelet 
counts were determined. Then each animal was injected intraperitoneally with 10 ¢.c. of the 
organ suspension. Furthermore, carbon tetrachloride was given to maintain the liver injury. 
‘To prevent the development of any infection,2? 0.1 ¢.c. of procaine penicillin (Duracillin, 
Lilly) was also injected subcutaneously. The next day the counts were repeated. If the 
effect was minimal, the animals were reinjected with the homogenate and also with Dura 
cillin. Counts were determined again the following day. 

Kor the evaluation of each suspension a group of at least four rats was used. Signifi 
eant changes of the red and white cell counts were hardly ever noted. These findings pre 
clude the interpretation that the observed reduction in the number of platelets was caused by 
hemodilution. Occasionally the organ suspension was quite toxic and the animals died within 
a few hours after the injections, 

The platelet counts of each group of rats before and after the injections were aver 
aged and the decrease was expressed in per cent of the average platelet count. By this 
procedure the individual variation in the reaction of the animals toward the active principle 


contained in the material were taken into account. 


RESULTS 

1. Effect of Penicillin and of Carbon Tetrachloride on the Platelet Count. 
Procaine penicillin (Duracillin, 0.1 ¢.¢.), whieh was used prophylactically 

throughout the experiments, does not produce thrombocytopenia. (Table I.) 
The apparent increase of the platelet level lies within the range of daily 
fluctuations. 

Carbon tetrachloride was tested in thirty-six animals. The slight decline 
in the average platelet count (Table 1) is insignificant since no animal showed 
a decrease below the range of normal, even if four injections of the liver poison 
were given, Both drugs did not influence the red and white cell counts 
significantly. 

2, Comparison of the Effect of Injected Organ Suspensions on the Platelet 
Counts of Normal Rats and Rats With Liver Cell Damage.—Seven organ sus- 
pensions were studied. Ten cubie centimeters of the homogenized organs were 

ijected in each instance. Table Il summarizes the values obtained. Each 
ilue represents the average platelet count of at least four animals. 

The organ suspensions, when injected into normal rats, left the platelet 
vel practically unchanged with the exception of the material prepared from 
ormal dog kidneys. In this experiment (Experiment 7) the first injection 
‘ought the thromboeyte count definitely out of the normal range and a second 
jection produced a further considerable decrease. 

In the rats with liver cell damage, the first Injection consistently lowered 
‘ platelet counts significantly. Following a second injection the decrease was 
ll more pronounced, with the exception of Experiment 4 in which the plate- 

level returned to normal. This was the only observation of this kind en- 
intered in this study. Ordinarily a second injection of potent material, when 

even to rats with liver cell damage, either maintains or even further de 


«cases the thrombocytes in the circulation. 
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II. COMPARISON OF THE EFFECT OF ORGAN HOMOGENATES ON THE PLATELET COUNT OF Norway 
RATS AND OF RATS WITH LIVER CELL DAMAGE 


LIVER CELL DAMAGED RATS NORMAL RATS 

AVERAGE % AVERAGI A 

AVERAGE PLATELET DECREASE OF AVERAGE PLATELET DECREASE 0} 

COUNT (THOUSANDS ) PLATELETS COUNT (THOUSANDS ) PLATELETS 

BE BE 

FORE AFTER AFTER AFTER AFTER FOKI AFTER ARTER AFTER \ ER 
IN FIRST SECOND FIRS1 SECOND IN FIRST SECOND FIRST SECOND 
ORGAN JECT. | INJECT.| INJECT.| INJECT.| INJECT.| JECT. | INJECT.| INJECT.| INJECT.| INJEC 


Human spleen 660 376 3) - 749 GS9 S 


(Idiopathic 
thrombocytopenic 
purpura ) 

Human spleen 670 
(Hodgkin’s dis 

ease with symp- 
tomatie thrombo 
cytopenic pur 

pura) 

Human spleen 630 370 
(Lymphosarcoma 
with symptoma 

tie thrombo- 
cytopenic pur- 
pura) 

Human spleen 
(Splenie vein 
thrombosis ) 
Human spleen 600 
(Paroxysmal 
nocturnal hemo 
globinuria ) 

Dog spleen 
(Normal) 

Dog kidney 599 212 - 65 704 176 186 32 74 


(Normal) 


*Each value represents the average of at least four animals. 


947 63 : 590) 622 666 None None 


295 1] 53 759 674 790 1] None 


612 341 Sey, 44 14 714 650 610 Q 15 


36 61 718 . 728 " None 


615 35 247 42 60 614 676 620 None None 


The findings seem to indicate that liver cell damage permits a principle in 
the organ suspensions to exert its effect on the platelet level. Apparently the 
normal liver renders this thrombocytopenic agent ineffective. Contrary to oul 
expectations, however, the suspensions prepared from the spleens of patients 
with normal platelet counts (Experiments 4 and 5) seemed to be as potent as 
those obtained from the spleens of patients with severe thrombocytopenic pur 
pura (Experiments 1, 2, and 3). Furthermore, thrombocytopen was equal! 
demonstrable in the normal dog spleen and was apparently present in thi 
highest concentration in normal dog kidneys, since the latter material produce: 
thrombocytopenia even in normal rats. 

At this point in our investigation it was decided to use only rats with live 
cell damage as test animals in further experiments. It also was felt that t 
secure the evidence so far obtained, more organ suspensions of various typ: 
should be tested for the presence of the thrembocytopenic principle. 

3. Effect of Injected Homogenized Normal and Pathologie Spleens o 
the Platelet Count of Rats With Liver Cell Damage.—Table IIT summariz 
the results. 
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All spleens were obtained during life with the exception of the case 
thrombotic thrombocytopenic purpura.?’ In this instance the organ was re 
ceived one hour after the death of the patient. The few values previously men 
tioned in Table II are included in this summary for a more convenient survey 
of the whole material studied. Regardless of the weight of the spleen an:« 
the presence of pathologie tissues (Hodgkin’s granuloma, lymphosarcoma, 
Gaucher’s disease, ete.), 10 ¢.¢. of the homogenized suspension were always in 
jected. As can be seen from Table II], all suspensions lowered the platelet leve! 
Usually a single injection produced a reduction of more than 


considerably. 
40 per cent. If the decrease was less than 40 per cent of the preinjection level, 


a second injection was given, which in most instances caused a further decline 
The spleens of the patients with spheroeytic hemo 


of the thrombocyte count. 
the thrombocytopenic 


lvtie anemias seemed to contain comparatively less of 
agent, although it still was readily demonstrable. Suspensions from the norma! 
spleens caused approximately the same reduction of the level of thromboevtes 
as could be achieved with some suspensions prepared from pathologie spleens 
No correlations were demonstrable between platelet reduction in the patient 
whose spleen was used for the injection and the degree of platelet decline ii 
the injected animals. Although various pathologic spleens were used in this 


series of experiments, none of the homogenates produced any significant 


changes in the red or white cell counts. 

i. Effect of Normal Organ Homogenates on the Platelet Count of Rats 
With Liver Cell Damage.—The results are compiled in Table IV. The values 
show convincingly that the thrombocytopenic agent is not only present in dog 
and beef spleen, but may also be found in homogenates prepared from lunes, 


heart, and kidneys of a healthy dog. The suspension of lune tissue caused the 


severest depression of the platelet level, namely a reduction of 75 per cent ol 


the original count. 


TABLE IV. EFFECT OF SUSPENSIONS OF NORMAL ANIMAL ORGANS ON THE PLATELET Cous 
or RATS WITH LIVER CELL DAMAGI 
AVERAGE PLATELET COUN’ AVERAGE G DECREASI 
(THOUSANDS ) OF PLATELETS 
AFTER AFTER AFTER AFTE! 
SECOND FIRST SECOND 


ORGAN SUSPENSION BEFORE FIRST 
INJECT. 


PREPARED FROM INJECT. INJECT. INJECT. INJECT. 
1 615 354 247 $2 60 
2 616 947 198 60 


Ps 
PRO 56 


: Dx A spleen 


593 oid 
599 212 - 65 
595 231 210 61 


Dog kidney 
Dog heart 660 PRG 57 
Dog lung 615 156 - 75 
3eef spleen 623 41] 338 34 


*Each value represents the average of at least four animals, 


5. The Dose-Response Relationship Between Injected Organ Suspension 


and Reduction of the Platelet Count.—For the evaluation of our findings i! 
problem is of obvious importance whether some correlation exists between t! 


amount of homogenate injected and the demonstrable fall of the platelet leve 
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Doses of 10, 8, 6, 4, 2, and 1 ¢.¢. of the same saline suspension prepared from a 
normal human spleen were injected into groups of at least four rats with liver 
cell damage. The results are compiled in Table V. 


TABLE V. DOSE-RESPONSE RELATIONSHIP BETWEEN AMOUNT OF HOMOGENATE INJECTED 
AND DECLINE OF PLATELET COUNT 


AMOUNT OF SUSPENSION 
(NORMAL HUMAN SPLEEN ) AVERAGE ¢ DECREASE 


¢ 
INJECTED (C.C. RATS USED OF *~LATELETS 
10) + 12 
& 7 . + O99 


15 

| 
1] 
24 


As can be seen from the table, the two largest doses (10 and & ¢.¢.) pro- 
duced the greatest decline of the platelet count, 64 and 61 per cent respectively. 
However, the response to 2, 4, and 6 ¢.c. of the suspension was approximately 
the same (35 to 43 per cent). The smallest dose of 1 ¢.c¢. elicited also the 
shehtest effect, ie. 24 per cent. 

These results show that the dose-response relationship is not a linear one, 
but that, within certain ranges, larger amounts of the suspension produce 
ereater responses. Since these studies were performed with crude homogenates, 
it was not considered advisable to pursue the problem further. With the iso- 
lation and purification of thromboeytopen, the rat with liver cell damage 
promises to become a reliable test animal for the quantitative bio-assay of 
the platelet-reducing agent, 

6. Effect of Hemoglobin Solutions and of Thromboplastin on the Platelet 
Count of Rats With Liver Cell Damage.—Ilt was noticed that many animals 
developed hemoglobinuria following the injection of the organ homogenates. In 
the course of the freezing and defrosting processes employed in the prepara- 


tion of the suspensions, the blood contained in the organs becomes hemolyzed. 


Thus a relatively large quantity of free hemoglobin and erythrocyte stroma was 
injected into the rats with liver cell damage together with the homogenized 
ssues. The question arose whether the thrombocytopenia in the animals might 


t be caused by this hemoglobinemia. In eases of severe hemoglobinemia in 
iman beings, regardless of the etiology, thrombocytopenia is frequently 
served.?4 

Therefore, 10 ¢.c. of a 3 per cent suspension of washed dog erythrocytes 
molyzed by addition of distilled water, were injected into the animals. As 

be seen from Table VI (Experiments 1 and 2), this procedure was fol- 
ved by an insignificant drop of the thromboeyte level. 

The very conspicuous reduction of the platelet level with the lung suspen- 
n (Table IV) led us to consider the possibility that thromboplastin may be 
itical with the thromboeytopenie agent. Thromboplastin is another ubiqui- 
s tissue factor, known to be present in particularly high concentration in 
lungs. Consequently Thromboplastin Maltine, a rabbit lung preparation, 
well as rabbit brain thromboplastin, made according to Quick’s method,*° 
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TABLE VI. EFFECT OF HEMOGLOBIN SOLUTIONS AND OF THROMBOPLASTIN ON THE PLATELI 


CouNntT oF Rats WiTH Liver CELL DAMAGE 


AVERAGE &% 


AVERAGE PLATELET COUN DECREASI 
(THOUSANDS OF PLATELETS 
AFTER AFTER AFTER AFTER 
EXPERI BEFORE FIRST SECOND FIRST SECOND 
MENT PREPARATION INJECTED INJECT. INJECT. INJECT. INJECT. INJK¢ 
l Laked dog blood 636 550 13 
2 Laked dog blood 630 D4A5 lo 
(a) Suspension of dried 583 178 ag 
rabbit lune 
(b) Milky supernatant fluid G04 LOS oe 
o ‘ rich in thrombo 
plastin ) 
(ce) Granular residue (poor 517 1G] 69 
in thromboplastin ) 
(a) Suspension of dried N40 523 10) 
rabbit brain 
(b) Milky supernatant flucd D76 Lg »9 
4 2 (rich in thrombo 
plastin 
(ec) Granular residue (poor a9 256 oo 


in thromboplastin ) 


*Each value represents the average of at least four animals. 


Was investigated. For each single rat experiment, 200 mg. of the lung or bra 


powder were first suspended in saline and then injected as a whole. In anotli 


experiment the same type of organ emulsion was incubated at 56° C. for fi 


| 


teen minutes and then centrifuged at low speed for five minutes. The super 


natant milky fluid was injected separately, as was a suspension of the granular 


material found at the bottom of the centrifuge tube. Determination of the pro 


thrombin times revealed that the former contained much more thromboplasti 
than the latter (13 and 30 seconds respectively ). 

The results of these experiments may be seen in Tab'e VI (Experiments 
and 4). Since the supernatant fluid, richer in thromboplastin, is evident! 
poorer in thrombocytopen, the conclusion seems justified that these two fact 


are not identical. 


These experiments furthermore show that thromboeytopen cannot be e) 


tracted satisfactorily from organs by means of acetone since the thromboplast 


preparations were made by macerating the organs under acetone and discard 


ing the acetone extract. However, the remaining dry powder still contained 


a very potent thrombocytopeni¢ agent. 


7. Effect of Normal Urine and the Urine of Patients With Thrombocy! 
penic Purpura on the Platelet Count of Rats With Liver Cell Damage.—O 
experiments have demonstrated that thromboeytopen is inactivated by 1 
liver. Inactivation of metabolites often occurs by conjugation with acids 
the liver and subsequent excretion of the substances in the urine, When 
c.c. of the concentrated morning urine of two healthy male persons were 


jected into rats with liver cell damage, definite reductions of the platelet cou 


were noticeable. The same results were obtained with urine specimens fr 
two female patients with severe thrombocytopenic purpura. 
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The thrombocytopenic agent could be extracted from the urine specimens 
with ether. Extraction was performed by adding 3 parts of ether to 1 part of 
urine in a separatory funnel and shaking for ten minutes. This procedure 
then was repeated twice. From the combined extracts the solvent was evapo- 
rated at room temperature and the dark and sticky residue was dissolved in the 
appropriate amounts of carbon tetrachloride needed for maintaining the liver 
cell damage in the rats. By addition of saline, a good emulsion could be ob- 
tained with shaking, which permitted the application of the correct doses of the 
various substances. It should be emphasized that no change of the platelet 
count was seen when carbon tetrachloride and the thrombocytopen-tree urme 
residue were injected (Table VII). 

The demonstration that the platelet reducing agent can be completely 
recovered from the urine with ether will probably permit quantitative estima- 
tions of the urinary output of this factor in normal and various pathologic 
conditions. Such studies will be reported later. So far the experiments sum- 
marized in Table VII merely show that thrombocytopen is excreted in the 
urine. 

When the ether extract of larger amounts of urine was injected into nor- 
mal rats (extract residue of 175 ¢.¢. of pooled urine, suspended in saline, in- 
jected per rat), no significant reduction of the platelet level was observed. 


8 


These results are in agreement with the findings of Tocantins,?* who could not 
decrease the thrombocytes of normal rabbits with urinary extracts. The de- 
toxifying aetion of the normal liver apparently is very efficient. The amount 
of thromboeytopen able to reduce the platelet count in normal animals remains 
to be determined. Such studies may better be performed when. sufficient 
quantities of the purified material are available. 

8. Mode of Action of Thrombocytopen.—Although the reduetion of throm- 
hoeytes following the injection of organ homogenates is sometimes a considerable 
one, we have never noticed the development of true purpurie lesions in our 
experimental animals. This finding is not an unexpected one. Roskam** as 
well as Bedson? showed that by intravenous injection of gelatin or agar extreme 
thrombocytopenia may be produced without any increased bleeding tendeney. 


llowever, if the capillaries were damaged simultaneously (e.g. by anti-red cell 
scrum), purpura resulted. 

From the experimental observations of Torrioli and Puddu,*® it is likely 
hat thromboeytopen acts directly on the megakaryoeytes by inhibiting plate- 

production. This view is also emphasized by Dameshek and Estren.’ We 
have postponed a systematic study of the marrow until a purified thromboey- 

en is at hand. In the few instances in which the marrow was examined 
aiter injection of organ homogenates, a slight increase of the more immature 
hsophilie megakaryocytes was noted oceasionally. 


In a few animals the recovery phase following a single injection of an 


ran homogenate was studied. If after the production of thrombocytopenia 
a'' applications were stopped, the platelet count returned to normal within 
I\enty-four to seventy-two hours. 
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DISCUSSION 


The results of our experiments seem to indicate that a thrombocytopenic 
agent can be obtained from many different normal organs (spleen, lungs, heart, 
kidneys, and brain). Since consistent lowering of the platelet count is demon- 
strable only in animals with liver cell damage and since it also can be produced 
by the injection of urine, one may speculate that physiologically thrombocytopen 
is rendered innocuous in the liver and then is exereted in the urine. Since it 
can be recovered from the ether extract of the urine, this factor is probably 
lipid in nature. Thus the metabolic behavior of thrombocytopen resembles 
closely the well-known pattern found with many steroid compounds. 

The role which the liver plays in the inactivation of thromboeytopen may 
also partly explain the inconsistent or negative results of many investigators 
ten out of nineteen) who worked with organ or urine extracts and injected them 
into normal animals. Our results permit the statement that the rat with liver 
cell damage is well suited for the demonstration of the thrombocytopenic agent. 

Thrombocytopen has been of interest to most investigators on account of 
its hypothetical role in the pathogenesis of thrombocytopenic purpura. Tor- 
rioli and Puddu** have emphasized that the principle which injured the mega- 
karyoeytes in bone marrow cultures is also present in many normal organs. 
lf thrombocytopen is identical with this factor of the Italian authors, who used 
a ‘‘ protein-free aqueous extract,’’ our findings confirm their observations. We 
have, however, not been able to demonstrate any significant differences in the 
degree of thrombocytopenia produced in the animals by the homogenates pre- 
pared from the various types of pathologic spleens. The results obtained with 
the sixteen human spleens used in this study (Table IIL) may be grouped in 
relation to the hematologic status of the splenectomized patients. With nor- 
mal spleens the average platelet reduction in the animals following a single 
injection was 57.5 per cent; with spleens from patients with severe idiopathic 
or symptomatic thrombocytopenie purpura (‘Table III, Experiments 3 to 9) 
the decrease was 45 per cent; and with spleens of patients without thrombo- 
evtopenia but with other hematologic disorders (Table III, Experiments 10 
to 16) the lowering of the platelets amounted to 41.7 per cent. 

Since the suspensions always were prepared in the same manner and the 
ected dose was kept constant, these results indicate that the concentration 
the platelet-reducing principle per gram of tissue apparently was not in- 
used in the spleens from patients with thrombocytopenic purpura. Further- 
e, there was no splenomegaly in the patients with Werlhof’s disease, which 

rules out the possibility that the absolute amount of thromboeytopen with- 
hese extirpated organs may have been abnormally large. 

On the other hand it must be realized that crude homogenates are not too 


suited for exact quantitative evaluation, as may be seen from our study of 


lose-response relationship (Table V) in which a saline suspension prepared 


a normal spleen was used. Furthermore, the quantity of a biologic 
{ present in an organ at any given moment does not directly reflect on its 
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production within this organ, or on its release into the circulation. Since our 
demonstration of the thrombocytopenic principle in the urine did not include 
any quantitative estimation of the output per day, this problem requires 
further investigation. Nevertheless, if one takes into consideration that so 
many normal organs contain at least a similar concentration of thrombocytopen 
as can be found in normal as well as in pathologic spleens, there is no evidence 
available from our data to support the hypothesis that this agent may definitels 
be involved in the pathogenesis of thrombocytopenic purpura. Ilowever, we 
are not yet able to explain why some investigators, although using normal ani 
mals for testing, could demonstrate the principle more readily in pathologic 
spleens than in normal organs 

In this respect the work of Moolten’*'™ is of particular interest. This 
author reported that normal and also certain pathologic spleens (e.g. In Hodg 
kin’s disease) contain not only thrombocytopen but also another lipoid facto: 
which has the opposite effect on the platelet level. He called this antagonist 01 
thromboeytopen, capable of increasing the thrombocyte count, ‘‘thrombocyto 
sin.’’ Both thrombocytopen and thrombocytosin could be obtained as relativel) 
purified substances and formed ether-insoluble digitonides in the manner ol 
steroids. Thrombocytosin also was found in high concentrations in fatty tissues 
and in egg yolk and was effective when given orally. Normal urine and par 
ticularly the urine of a splenectomized patient sometimes contained large 
amounts of the platelet-increasing agent. Moolten speculates that thromboc) 
topen may be concerned in balancing the thrombocytosis produced by the die 
tary factor thrombocytosin. Under the conditions of our experiments with rats 
with liver cell damage we have not yet encountered any results suggestive o! 
an effect of thrombocytosin. 

Ungar** ** has isolated two substances from the spleen capable of influene 
ing the bleeding time of guinea pigs. ‘‘Splenin A’’ decreases, whereas ‘*Splenin 
>’’ definitely increases, the bleeding time. Splenin B is considered to be pos 
sibly identical with the thrombocytopen of Troland and Lee.*’ However, no ex 
perimental evidence is yet available demonstrating the ability of Splenin B to 
reduce the platelet level. It should be of interest to test these substances 
in rats with liver cell damage. 

So far we have assumed that the thrombocytopenic agents found in thie 
various organ homogenates as well as in the urine are one and the same pri 
ciple. There is actually no proof for such an assumption, and this approac! 
should be considered primarily a working hypothesis. We are, however, ¢0! 
vineed that the thrombocytopenia in the rats with liver cell damage is a spect! 
response to a single factor or to several factors. Such an interpretation 
supported by the finding that the reduction of the platelets was not accon 
panied by any change in red and white cell counts. 

The physiologic significance of thrombocytopen is at present unknow 
It should be kept in mind that the demonstration of a powerful biologie age 
obtained from animal tissues does not necessarily indicate any ‘‘physiolog 
activity.’ Heparin, for instance, is certainly a very potent anticoagula! 


but its role in the normal coagulation process is still debatable. 
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The use of the rat with liver cell damage should provide a reliable tool 
for the study of many problems related to *‘thrombocytopen.’” Whatever the 
outcome may be, the doubts concerning the reality of such a factor or factors 


may now be abandoned. Their existence at least seems to be assured. 


SUMMARY 


1. Thrombocytopen is the name which has been given to a principle, present 
in the spleen which, when injected into laboratory animals, is said to decrease 
their platelet count. This principle is believed to play an important role in 
the pathogenesis of thrombocytopenie purpura. So far nine out of nineteen 
investigators have confirmed the existence of this thrombocytopenic agent, 
whereas the others obtained either inconsistent or negative results. 

2. Our approach to this problem was directed by the following considera- 
tions. Assuming that thromboeytopen is manufactured predominantly by the 
spleen, it seems very likely that the liver—being the first organ to receive blood 
coming from the spleen—imay be involved in the inactivation of this prineiple. 
The effect of thromboeytopen may then depend not only on its concentration 
in the organ extracts but also on the modifying activity of the liver in the test 
animals. Consequently, a more reliable test for thromboeytopen may become 
available by injection of organ suspensions into animals with liver cell damage. 

3. When organ homogenates were injected into rats with a high degree of 
liver cell damage produced by carbon tetrachloride, a considerable drop of 
the platelet count was consistently produced. The same organ suspensions did 
not reduce the platelet count of normal animals. Neither penicillin (used for 
prevention of infection) nor carbon tetrachloride by themselves influenced the 
platelet levels. No changes in the red or the white cell counts were observed. 

4. Two normal human spleens, seven spleens from patients with thrombo- 
eytopenie purpura (idiopathic and symptomatic), and seven spleens from 
patients without any thromboevtopenia, but with other hematologic disorders, 
were tested. All these organs contained thromboeytopen in approximately 
similar concentrations. The platelet-reducing agent also was found in at least 
the same amount in normal organs (lung, heart, kidney, brain) obtained from 
dogs, eattle, or rabbits. 

5. When urine specimens of normal individuals or from patients with 
thromboeytopenie purpura were injected into rats with liver cell damage, a 
Significant reduction of the platelet level also occurred. The platelet-reducing 
agent could be extracted with ether. 

6. These results may indicate that physiologically thromboeytopen is ren- 
deved innocuous in the liver and then excreted in the urine. Since it can be 
recovered from the ether extract, this factor is probably lipid in nature. Thus 
the metabolic behavior of the thrombocytopenic agent resembles the well-known 
pattern of steroid compounds. 

7. There is at present no evidence available from our data which would 
suport the hypothesis that thromboeytopen is definitely involved in the patho- 
geiesis of thrombocytopenic purpura. However, further studies are necessary. 
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8. The thrombocytopenic agents found in the various organ homogenates 
as well as in the urine have been assumed to be one and the same principle 
This approach should be considered primarily a working hypothesis. 

9. The use of rats with liver cell damage should provide a reliable tool fo: 
the study ot many problems related to thromboeyvtopen. Whatever the out 
come may be, the doubts coneerning the reality of such a factor or factors may 


now be abandoned. Their existence at least seems to be assured. 
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THE FIBRINOGEN B TEST AND INTRAVASCULAR THROMBOSIS 


CAPTAIN ARTHUR B. VOORHEES, MEpICAL CORPS, 
ARMY OF THE UNITED STATES, AND Masor EpwiIn J. PULASKI, 
MepicaL Corps, UNITED STATES ARMY 


N RECENT years intravascular thrombosis has assumed a prominent positiot 

on the list of postoperative complications as other more common complications 
have been brought under control. A laboratory method for determining thi 
presymptomatic thrombosis would be of great value in reducing the mortality 
rate and serious sequelae of intravascular thrombosis. Our interest in the 
fibrinogen B reaction was stimulated by the possible relationship it might hold 
to the diagnosis of intravascular thrombosis. The fibrinogen B reaction ce 
scribed by Cummine and Lyons' was studied for a six-month period on the 
Surgical Service of Brooke General Hospital. The data set down in the report 
were derived from patients who had been hospitalized during this period of 
study. 

Cummine and Lyons accepted the earlier hypothesis of Berqquist,' who 
stated that just prior to the formation of an intravascular thrombus a ‘* pre 
thrombotie state’’ exists during which there is a significant reduction in venous 
clotting time. Although these investigators employed slightly different methods 
of clotting time determination, the eritical zone was considered to be 3 to 4 
minutes, or less. 

Cummine and Lyons introduce the concept of an intermediary product in 
the fibrinogen-to-fibrin reaction, to which they give the name fibrinogen B. The 
presence of fibrinogen B in the circulating plasma is considered abnormal. They 
correlate its presence in the plasma with the production of intravascular throm 
hosis. They note that fibrinogen B appears in the plasma whenever tissue necrosis 
is present, especially in the ease of pyogenic infection. Lyons has demonstrated 
in vitro that platelet fragility increases in the presence of fibrinogen B and has 
postulated the following possible mechanism! : 


Pyogenic Infection and/or Tissue Necrosis 


| 


Fibrinogen B in Circulating Blood 





Increased Platelet Fragility 


Damaged Vein or VENOUS 
Foreign Surface STASIS 





Intravenous Thromboplastin 


Prothrombin | 
Ca H 


Thrombin 














ici 
Fibrinogen A + Thrombin A a 
'———_+ Fibinogen B + Thrombin B ¢€ 
VENOUS 
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FIBRIN ———> THROMBOSIS 
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Cummine and Lyons studied 580 patients and catalogued the results of 
their investigation as follows’: 


> 


Group 1.—In these patients free fibrinogen B does not occur in the plasma 
and the coagulation graph is of normal type. Intravascular thrombosis does not 
develop in these cases. 

Group 2.—Free fibrinogen B may be found in the plasma, either persistently 
or intermittently, but the coagulation graph is of normal type. Providing that no 
previous thrombosis has occurred and is remaining as an intravascular foreign body, 
and that venous stasis is prevented, thrombosis does not develop in these cases. 

Group 3.—Free fibrinogen B occurs in the plasma and the coagulation times 
remain persistently low in the order of 3 to 4 minutes. Intravascular thrombosis 
appears to be inevitable in these cases, either in the legs or at the lung bases. 

Group +.—No free fibrinogen B is found in the plasma but the coagulation 
graph is consistently low. This combination of the two factors has not occurred in 
any of the patients studied as a primary phenomenon, but has been seen on several 
occasions after an intravascular thrombosis has occurred. In each instance it is 
significant that the thrombosis recurred at the initial site and can be interpreted 
as a local exacerbation due to the presence of an intravascular foreign body in 


association with venous stasis. 


We have undertaken a study for the purpose of estimating the practical 
value of the fibrinogen B test in a military medical establishment. 


METHODS AND MATERIALS 


Clotting time determinations were performed after the method outlined by Cummine and 
Lyons with only slight modification, i.e., the capillary tube filled with fingertip blood was 
broken every thirty seconds rather than every sixty seconds during the first four minutes. 

Fibrinogen B determinations were performed as follows. The reagent was prepared by 
dissolving 2 Gm, B-naphthol in 100 ml. of 50 per cent alcohol. If the solution turned brown, 
it was exposed to oxygen in order to return it to the colorless state. Blood was withdrawn 
[ror 


ge and 4.5 ml. were mixed immediately with 


. the antecubital vein in a dry sterile syrin 
0.5 ml. of 1.1 per cent solution sodium oxalate. The blood sample was taken usually mid- 
way between breakfast and lunch; however, we found no evidence to suggest that the results 


were influenced by food intake. The specimen was centrifuged and 1 ml. plasma was placed in 


a 13 by 100 mm. tube. Five drops of the reagent were added to the plasma and the mixture 
Was allowed to stand at room temperature for ten minutes. If a gel formed, a value of from 
l to 44+ was assigned, depending on the quantity of gel present. If no gel formed during 
that period, the test was recorded as negative for fibrinogen B. 


RESULTS 
A total of 553 fibrinogen B determinations and 337 eapillary clotting time 
determinations were made on forty-eight hospital patients and four normal 
suvjects, The maximum leneth of time an individual case was followed was 
fil y days, and the minimum, one day. 
The eases chosen were selected deliberately for anticipated demonstration 
0! 4 wide latitude of response to the test. Table I lists, by diagnosis, the types 
ol vases studied and the results of the survey in terms of ‘‘ positive,’’ ‘‘ doubtful, ’’ 
‘‘negative.’’ The extent or severity of the pathologie changes is not cor- 
related, nor is any quantitative estimate of the amount or duration of fibrinogen 
» present stated. In general, however, the quantity of fibrinogen B present 
Was in direet proportion to the severity of the disease. 
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Columns three and four show the results obtained at room temperature and 
at 6° C. The description of the test set down by Lyons states that room tem 
perature is to be used. We noted that certain tests negative at room tempera 
ture would become positive if repeated at 6° C. On further investigation, it 
was demonstrated that as the quantity of fibrinogen B rose it could be detecte: 
earliest at 6° C. and then later at room temperature. Conversely, as thi 
plasma content of fibrinogen B fell, the test first became negative at room 


temperature and later at 6° C. Correctly or not, we assumed that the ge! 


formations at room temperature and at 6° C. represented the same substance, 


and we used this finding as a rough quantitative index. 


TABLE | 


RESULTS 


ROOM 
TEMPERATURE 


NUMBER 
OF 
DIAGNOSIS CASES P D 
Normal subjects 0) 
Thrombophlebitis, deep é 3 } 
Thrombophlebitis, superficial 0 
Soft tissue trauma 
Acute infections 
Acute thermal and chemical burns 
Chronic infection 
Carcinoma (brain, stomach, cervix 
Abdominal stab wounds, contaminated 
Uncomplicated postoperatives 
Cirrhosis, periportal 
Common duct obstruction 
Myocardial infarction 
Congestive failure 
Late pregnancy with pyrexia 
(unknown origin) 
Prolonged bed rest with hip fracture 


P, positive; D, doubtful: N, negative. 


Examination of the results in Table I indicates that there is no speeificit: 
of response peculiar to cases of intravascular thrombosis. Suggestive trends 
are poorly defined. One finding is outstanding, namely, that whenever tissu 
necrosis is presenti, the test is usually positive. 

In the twelve cases of deep thrombophlebitis, only one patient demonstrated 
a positive test at room temperature for fibrinogen B on the day of clinical dia: 
nosis. Subsequent positive results at room temperature were ineonstant and 
afforded little recognized clinical value. In this series three of the twelve patie 
gave a clotting time of 4 minutes or less on the day of clinical diagnosis. 

In the entire series of fifty-two eases, only two patients fulfilled one of 1 
criteria of Cummine and Lyons, i.e., lowering of clotting time and the appeara! 
of fibrinogen B in the plasma as indicative of inevitable thrombosis. Neit! 
patient developed clinical symptoms of intravascular thrombosis. 


DISCUSSION AND SUMMARY 


Over a six-month period at Brooke General Hospital, the incidence of d 
thrombophlebitis on the Surgical Service was less than 1 per cent. To condi 
a survey for the purpose of extensively confirming or denying the hypothesis 
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Cummine and Lyons, it would be necessary to follow daily every individual 


admitted to the Surgical Service, that is, to make in the neighborhood of 20,000 
to 25,000 tests. In the experience reported herein, 553 tests were made. In 
only two instances the criteria of Cummine and Lyons for inevitable thrombosis 
were fulfilled, but neither patient developed clinical evidence for intravascular 
thrombosis. On the basis of experience to date, the test would appear to be of 
no particular value in the confirmation of a diagnosis of thrombophlebitis sus- 
pected clinically. While the present small series neither confirms nor denies 
the concepts expressed by Cummine and Lyons, it places some doubt on the 
precision of interpretation of low clotting times. 

In light of the present good results of anticoagulant therapy in intravascular 
thrombosis initiated on clinieal evidence alone, the practicality of this test is 
open to question as a routine examination on all surgical patients. 

The fact that the test is more sensitive at 6° C, is not explained. The 
results are interesting but are difficult to assess. 

We are in agreement with Cummine and Lyons in noting an apparent rela- 
tion between the presence of tissue necrosis and the appearance of fibrinogen B 
in the circulating plasma. In fact, this relationship is the only constant finding. 
We have noted also, as have Cummine and Lyons, that there is a persistently 
negative test for fibrinogen B in thrombophlebitis after it is initially positive. 


ADDENDUM 


Dunn, Jackson, and Lyons? report a high percentage of positive fibrinogen B tests in 
congestive cardiae failure (97 per cent), recent coronary occlusion (100 per cent), throm- 


hotie states (100 per cent), acute sepsis (100 per cent), and chronie sepsis (90 per cent). 
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DETERMINATION OF PROTHROMBIN BY THE DILUTION METHOD 
STABILITY AND ACTIVITY OF HUMAN AND BOVINE 
PROTHROMBIN-FREE PLASMA 


WaLTer B. FRoMMEYER, JR., M.D.* 
Boston, Mass. 


WiITit THE TECHNICAL ASSISTANCE OF HELEN CORRIGAN 


HL reporting of plasma prothrombin activity in terms of the time in seconds 


required for coagulation represents Incomplete data since prothrombin 


activity does not vary as a linear function of the time of coagulation. Ilowever, 
prothrombin activity is reported properly in terms of concentration in per cent 
of the average concentration of pooled normal plasma. Plasma prothrombin 
concentration can be determined by one of two basie methods. The two-stage 
method of Warner, Brinkhous, and Smith,'* an excellent research method, 
is too demanding on the basis of time and reagents required to be of routine 
clinical use. The one-stage method of Quick" is generally employed because 
of its simplicity and rapidity of performance. The Quick method, however, de 
termines only the prothrombin time or the speed of the reaction comprising 
coagulation. In order to convert the prothrombin time to prothrombin con 
centration it is necessary to determine the prothrombin time of known concen- 
trations of prothrombin. By arbitrarily considering that pooled normal plasma 
has a prothrombin concentration of 100 per cent, then any particular dilution 
of the pooled plasma theoretically is equivalent to a corresponding dilution of 
prothrombin. In practice the prothrombin times of several known dilutions 
of plasma are determined and a reference curve is made, plotting the pro- 
thrombin time in seconds along the abscissa and the prothrombin concentration, 
in terms of per cent of normal, along the ordinate. Such a curve is then used 
for conversion of prothrombin time in seconds to prothrombin activity in terms 
of per cent concentration of prothrombin. 

Because of the significant variations in the shape and slope of the reference 
curves using various diluents of pooled normal plasma, Rosenfield and Tutt 
suggested the use of a diluent that is theoretically ideal, namely, normal plasm: 
treated with barium sulfate to remove prothrombin. Because the resultin: 
reference curve, using such a diluent, has a steep slope from a prothrombin con- 
centration of 100 to 20 per cent and a flat linear slope from 15 to 1 per cent, i 
becomes necessary to reduce the prothrombin concentration in a given plas! 
to approximately 10 per cent in order to determine accurately its prothrom! 
concentration. This dilution is required to reduce to a minimum the error t! 
results from variations of a few seconds when converting prothrombin time 
prothrombin concentration. 
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DETERMINATION OF PROTHROMBIN BY DILUTION METHOD 


The dilution method for prothrombin determination as outlined by Rosen- 
field and Tuft!! is aeeurate and reproducible and is therefore desirable. How- 
ever, there have heen two technical limitations of the method. The first is the 
rapidity with whieh prothrombin-free plasma becomes altered on standing and 


110 


the second is the unavoidable reduction of certain ** prothrombin aecelerators’ 
by treatment of plasma with barium sulfate. Both of these alterations of barium 


sulfate treated plasma may result in prolongation of the prothrombin time of 


diluted fresh normal plasma that may be incorrectly interpreted as indieating 


a reduction in prothrombin concentration. The purposes of this paper are (1) 
fo report a method whereby prothrombin-free plasma can be maintained in stable 
form for many weeks and (2) to offer a procedure for correction of decreased 
content of the ** prothrombin accelerators.” 


MATERIALS AND METHODS 


Thromboplastin. Lyophilized, acetone-extracted rabbit brain (Difco was used. 
Aetivation of the material, as outlined by Difco Laboratories, was effeeted by sus 
pending 0.15 Gm. of the lvophilized material in 4 ml. of a solution of sodium chlo 
ride (0.85 Gm. per 100 mil.) and 0.05 ml. of sodium oxalate solution (1.84 Gm. per 100 
ml.) and incubating at 48° C. for ten minutes with agitation every three minutes. After 
completion of incubation, large particles of suspended tissue were removed by crude filtration 
through cotton placed loosely over the tip of a 20 ml. volumetric pipette, which was then 
lowered into the suspension and filled by gentle suction. The thromboplastin solution so ob 
tained was stored in a deep freeze at —-20° C. in 0.1 ml. aliquots. In this form it remains 
stable for many months. 

Calcium Chloride.—A solution of 0.025M calcium chloride was made by dissolving 2.77 
Gm. of purified, anhydrous CaCl, in 1,000 ml. of single distilled water. 

Anticoagulants.—One part of either of the following solutions was used to render 9 
parts of whole blood ineoagulable. 

(a) O.1M sodium citrate was made by dissolving 20.412 Gm. of sodium citrate 
Na,C,H,0,-2H,O) in 1,000 ml. of single distilled water. 

b) O.1M potassium oxalate was made by dissolving 18.482 Gm. of crystalline potassium 

alate (K.CLO,-H.0) in 1,000 ml. of single distilled water. 

Citrated Pooled Normal Plasma.—Citrated plasma was used for prothrombin determina 

s because of the greater stability of prothrombin and ‘* prothrombin aecelerators’’ with 
this anticoagulant as compared with oxalate.’ Blood samples were obtained from ten normal 
jects, each taken separately, using 1 part of 0.1M sodiim citrate for 9 parts of venous 
Md. The plasma, obtained by centrifugation at 2,000 r.p.m. for ten minutes, was pooled 
designated as ‘* pooled fresh normal plasma (citrate).’’ 

Prothrombin-Free Plasma.—Oxalated plasma was used since the prothrombin cannot be 
oved satisfactorily from citrated plasma.12 Blood samples were obtained from ten normal 
ects, each sample taken separately, using 1 part of 0.1M potassium oxalate for 9 parts 
venous blood. Plasma was obtained by centrifugation of the oxalated blood samples at 
) rnp.m. for ten minutes. The samples of plasma were then pooled and 100 mg. of 
dered barium sulfate (Merck) were added for each 1.0 ml. of plasma. This mixture was 
hated at 37.5° C. for ten minutes with agitation every three minutes and finally cen 
ged at 3,000 r.p.m. for thirty minutes and the supernatant removed. Such plasma is 
mated ‘‘prothrombin-free plasma (human).’’ It was stored at 4° C, and used immedi 

unless otherwise stated. 

Oxalated bovine plasma, from bovine blood, obtained by venipuncture from the living 
al, was rendered prothrombin-free by the same process and designated ‘‘ prothrombin- 


plasma (bovine).’’ 
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Lyophilized Prothrombin-Free Plasmas.—Using the method of Flosdorf and Mudd5 
large quantity of prothrombin-free normal human pooled plasma was divided into 1.0 ml 
aliquots, quick frozen at —70° C. in a bath of dry ice and absolute aleohol, and dried by the 


lyophile process. The ampules were then sealed with an oxygen-CO, toreh and stored in 


deep freeze at —20° C. until ready for use. This method of lyophilization, when properly 





performed, removes over 99 per cent of the water.6 Reconstitution was effected by adding 
to the dried material 1.0 ml. of distilled water containing 10 per cent by volume of imidazol 
buffer solution (see below 

Prothrombin-free plasma (bovine) was lyophilized, stored, and reconstituted in a sim 
lar manner. 

Determination of the Stability of Stored Prothrombin-Free Plasmas.—Determination 


prothrombin concentration by the dilution method of Rosenfield and Tuft!4 was used as 


measure of the stability of stored prothrombin-free plasmas. Using the one-stage metho 
of Quick! the prothrombin time was first determined on freshly prepared undiluted eitrate 
plasma. Then, 0.1 ml. of the fresh citrated plasma was diluted with 0.9 ml. of stored pr 
thrombin-free plasma (human or bovine) and the prothrombin time determined in duplicaté 
using the one-stage method of Quick. The prothrombin time was converted to prothromh 
concentration by means of prothrombin time-concentration reference curves, and the cor 
centration multiplied by the dilution factor of 10. 

Determination of Fibrinogen.—The micro-Kjeldahl technique for the determination of 
nitrogen was employed, fibrinogen being reported in terms of clottable nitrogen. Sinee pro 
thrombin was lacking in many of the plasmas a standard procedure was employed to clot 
fibrinogen: 15 ml. of a 1:60 dilution of a 10 per cent thrombin solution (Hemostati: 
Globulin)* was added to 0.5 ml. of oxalated plasma. This mixture was allowed to coagulat 
for one hour at which time the fibrin was wound on a glass rod and the nitrogen content 
determined, Each determination was done in triplicate. 

Determination of Antithrombin.—Imidazole buffer solution was made by dissolving 1.72 


Gm. of imidazole (Eastman Kodak Company) in 90 ml. of 0.10N hydrochloric acid and 





luting to 100 ml. by the addition of single distilled water.7 Such a buffer has been sho 
to have no effect on blood coagulation.7 ‘* Buffered saline’’ was made by adding 10 ml. of this 
solution to 90 ml. of a solution of sodium chloride (85 Gm. per 100 ml.). Such buffered salir 


had a pH of 7.1 to 7.8. One gram of Hemostatic Globulin® was dissolved in 100 ml. of 
fered solution, and a 1:32 dilution was made with buffered saline. By adding 0.1 ml. of this 


1:32 thrombin dilution to 0.2 ml. of normal plasma in a 10 by 75 mm. tube at 87.5° C., « 


agulation usually occurred in twelve to thirteen seconds. An increase in antithrombin cou 


therefore be detected by noting prolongation of the coagulation time in such a system. 


Determination of Hydrogen Ton Concentration (plT). pH determinations were 


using a glass electrode potentiometer (Beckman 


RESULTS 


Stability of Prothrombin-Free Plasma (ITuman).—Table I shows the effect 
of storage at various temperatures on the stability, thrombin time, and pH 
pooled normal prothrombin-free plasma (human). Zero time in the table is 
taken as the completion of preparation of the prothrombin-free plasma. It is 
shown that the prothrombin time of fresh normal citrated plasma diluted wi 
stored prothrombin-free normal plasma becomes progressively prolonged as 1 
time of storage of the diluent lengthens. Such prolongation becomes manit« 
as early as one hour of storage at 37.5° C. and 30° C. The lower the temperat! 
of storage the less tendeney there is for such prolongation to develep ove? 


*Supplied by Lederle Laboratories, Pearl River, N. Y. 
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twenty-four hour period. At —20° C. there was no change in twenty-four hours 
but within ninety-six hours prolongation was manitest.* 

The duration and temperature of storage correlate well with the thrombin 
time in that the higher the temperature and the longer the duration of storage 
the greater is the antithrombice effect observed. At ~20° C. the thrombin tin 
remained essentially unchanged over a twenty-four hour period. 

Coincident with prolongation of the thrombin time at 37.5° C. and 30° © 
storage, a rise in pH occurred. Although no prolongation of the thrombin tin 
was observed in prothrombin-free plasma (human) stored at ~20° C., a rise in 
pl occurred in twenty-four hours that was equal to that observed at the highe 
temperatures of storage. The temperature of storage apparently exerted only 
a mild influence on the pI changes as shown in Table I. It is worthy of not 
that the pH changes oceurred rapidly at 37.5° C. and 30° C. and then beean: 
stabilized without further rise. Similar prolongation of the thrombin time and 
a rise in pH to the same degree were not observed in citrated or oxalated plasma 
stored at 30° C. for twenty-four hours (Table | 

No significant quantitative variation in fibrinogen occurred in any of the 
samples during the periods of storage studied, 

Stability of Lyophilized Prothrombin-Free Nornal Plasma (Iuman). 
In each instance the lyophilized prothrombin-free normal plasma (human) was 
used immediately upon reconstitution. No alteration in activity was observed 
when the reconstituted material was used as a diluent of fresh citrated plasma 
in the determination of the prothrombin time. Table I] shows the numerical! 
results of these determinations as well as the ‘‘thrombin times’? and pI values 
done initially and after a 70-day period of storage in the lyophilized state 
at —20° C. There was no observed change in the thrombin time or in the pll 
values. Fibrinogen determinations were not done. 

Stability of Lyophihzed Prothrombin-Free Plasma (Bovine).—Sinc 
lvophilized prothrombin-free plasma (bovine) has larger amounts of the 
‘‘plasma prothrombin accelerators’’ resulting in acceleration of the pro 
thrombin time,*:° it became necessary to prepare a prothrombin time-co! 
centration curve using prothrombin-free plasma (bovine) as a diluent of 


TABLE IT. THE STABILITY OF STORED LYOPHILIZED PROTHROMBIN-FREE PLASMA (HUMA 
| Reconstitution with buffered distilled water was done immediately prior to each determi 
tion. The prothrombin concentration is derived from the prothrombin time-concentrat 
curve using prothrombin-free human plasma as a diluent of fresh normal pooled hum: 
plasma (citrate). | 


PERLOD OF PROTHROMBIN PROTHROMBIN 
STORAGI TIME CONCENTRATION THROMBIN TIM 
WK. (SEC. ( (SEC. 
0 251% 9 {2 


] 26 


» 
> 
i] 


} 
6 
10 26 


*Further studies are in progress and will be reported elsewhere. 
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pooled fresh normal human plasma (citrate). This reference curve as well as 
those employing prothrombin-free plasma (human) and saline as diluents 
is shown in Fig. 1. The differences in the curves are considerable. It should 
be noted also that the prothrombin time of a 50 per cent mixture of fresh 
citrated normal plasma and prothrombin-tree plasma (bovine) is shorter than 
that of the whole pooled fresh normal human plasma (citrate). 


PROTHROMBIN TIME-CONCENTRATION CURVES 





DILUENTS 
PROTHROMBIN-FREE BOVINE PLASMA 
PROTHROMBIN-FREE HUMAN PLASMA 


SALINE 


CONCENTRATION IN PERCENT 














TIME IN SECONDS 
Fig. 1. 


Using reconstituted lyophilized prothrombin-free plasma (bovine) as a 
diluent of fresh normal human plasma, no alteration in activity was observed 
over a 140-day period. 

Thrombin times and pH values done initially and at the end of the storage 
period at —20° C. in the lyophilized state showed no change in these determina- 
tions as shown in Table IIT. 


TABLE ITT. STABILITY OF STORED LYOPHILIZED PROTHROMBIN-FREE PLASMA ( BOVINE 
‘onstitution was done with buffered distilled water immediately prior to each determina 

The prothrombin concentration is derived from the prothrombin time-concentra- 
curve using prothrombin-free bovine plasma as a diluent of pooled fresh normal 
ma. ) 


PERIOD OF PROTHROMBIN PROTHROMBIN 
STORAGE TIME CONCENTRATION THROMBIN TIME 
(WK. ) (SEC. (%) (SEC. ) 
0 21% 120 7.78 1] 
2 21% 120 
4 2% 117 
10 21é | 120 
20 Zs | 110 


DISCUSSION 


It has been shown in the foregoing experiments that plasma rendered free 


rothrombin is quite unstable when stored in the fluid state, as evidenced by 
mgation of the prothrombin time of fresh plasma diluted with it; it is more 
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stable when frozen and maintained at ~20° C. for relatively short periods o1 
time, but even at this temperature of storage alteration in activity is observe 
after several days. The prolongation of prothrombin time is not due to quantita 
tive changes in fibrinogen. When stored in the fluid state for limited periods 1 
change occurred in the fibrinogen content of prothrombin-free plasma and ther 


Was no apparent decrease in the fibrinogen ** reactivity,’ as suggested by Loomis 





and Seegers,” since a ‘‘normal’’ thrombin time can be obtained by increasing 


the concentration of thrombin in the reaction mixture or by reducing the pl. 





In addition, Alexander! has shown that the plasma of a patient with congenit: 
afibrinogenemia exhibited prolongation of the prothrombin time similar to that 
of normal plasma under the same conditions of storage. 

The observed alteration in stored prothrombin-free plasma (human) ap 
pears to be related in pari to the development of antithrombie activity possibly 
resulting from treatment with barium sulfate per se, since untreated oxalated 
and eitrated plasmas containing prothrombin do not develop antithrombin 
activity at the same rate of speed or to the same extent when stored at 30° © 
The observed prolongation of the prothrombin time and apparent antithrombic 
activity have been shown to occur concomitantly with a rise in pil by Tanturi 
and Wetzel.'’° They have reported a prompt reduction in antithrombie activity 
in prothrombin-free plasma following the lowering of the pI to 7.6 to 7.8. In 
addition to this observation, the formation of fibrin by the action of thrombin on 
fibrinogen has been shown, by Morrison, to be intimately concerned with the 
pl! of the reaction mixture. Below a pI of 5.7 no fibrin will form,’ while be- 
tween a pH of 6 and 7 there is a noticeable increase in the rate of reaction as 
the pIl rises. As the pI is further increased above 7, there is less obvious in 
cease In the rate of reaction. 

From the available data reported here, it is impossible to conclude that pl! 
changes alone are responsible for the antithrombie activity since prothrombin- 
free plasma (human) stored at —20° C. in the frozen state for twenty-four hours 
showed an inerease in plIl when thawed without antithrombie activity. This is 
further borne out by the observations of Tanturi and Wetzel'® who have shown 
that the antithrombie activity can be abolished without lowering the pH of the 
reaction mixture by the addition of protamine sulfate. They have suggested 
from this that stored prothrombin-free plasma may have an inereased heparin 
content. For clarification of the relationship between pIl changes and ant 
thrombie activity further work is required. 

It has been suggested’’ that the observed antithrombie activity of stored 
prothrombin-free plasma is responsible for prolongation of the prothrom| 
time of fresh plasma diluted with it. This would seem true only in part since 
other factors also are involved. If the pIl of nonlvophilized stored prothromh 
free plasma (human) is adjusted to 7.4 and the plasma tested for labile facto 
activity (Quick),'* there is found a progressive reduction in the amount of tliis 
substance as the duration of storage lengthens even though a pH of 7.4 is ma 
tained. The lower the temperature of storage, the less tendency there is 
12 


such a reduction to occur, as noted elsewhere.'? There would thus appear to 
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at least two factors responsible for the prolongation of the prothrombin time 
of fresh normal plasma (citrate) diluted with stored nonlvophilized — pro- 
thrombin-free plasma. Initially an apparent antithrombin develops causing mild 
delay in the speed of coagulation. After a relatively short period of storage 
at 37.5° C. and 30° (., there occurs gradual inactivation of the ‘‘ prothrombin 
accelerators’ '" which results in further slowing of the speed of coagulation. 
The additive effect of these two changes presumably results in a significant pro- 
longation of the coagulation time to a limit, after which time the antithrombie 
effect becomes stabilized, as does the pH. The ‘‘prothrombin accelerators”? 
finally become completely inactivated. 

By lvophilizing prothrombin-free normal plasma (human) as outlined by 
I losdorf and Mudd,’ observing their precautions to establish the proper rela- 
tionship between total volume of material and available surface during the 
process so as to insure proper lyophilization, it is possible to maintain such 
material in stable form for many weeks. By reconstituting it to a pII of 7.5 to 
7.4, a diluent is cbtained that is quite active and which possesses no antithrombic 
activity or additional loss of ‘‘ prothrombin accelerators’* when used promptly. 
Other observers!’ have reported increases in pI and antithrombie activity to 
eccur in lvophilized prothrombin-tree plasma. Sueh findings have not been 
observed here over a period of storage of ten to twenty weeks. Why this dis- 
crepancy exists is unknown since we have observed the same results of stability 
when using unbuffered distilled water for reconstitution of the lvophilized 
prothrombin-free plasma. It is possible that the cause of such altered activity 
in the material studied by others! is incomplete lvophilization. 

Using barium sulfate as an adsorbing agent of prothrombin, there also oe- 
curs a reduction in certain plasma components that are intimately concerned 
with the speed of the coagulation reaction. To what extent barium sulfate re- 

oves the ‘‘accelerator substances’’ is unknown, but it is reported that approxi- 
mately 50 per cent of Owren’s Factor V is removed although the amount of 
BaSO, required to effect this removal is not stated..° The difficulty of simul- 
taneously depleting plasma of its prothrombin and certain of the ‘‘accelerator 

bstanees’’ can be eliminated by using as a diluent bovine plasma treated with 
barium sulfate. Owren'? and Seegers® both have shown that bovine plasma 
contains much greater quantities of their factors than does human plasma. Be- 
ealise of this observation, Owren'® advoeates the use of prothrombin-free bovine 

sma as a diluent of human plasma so as to insure an excess of Factor V. 
Siice it appears likely’ that Factor V of Owren,'’ plasma accelerator globulin of 
Scegers,'® and labile factor of Quick'® are the same activities, it is possible to 

e excesses of these activities as well as an excess of plasma thromboplastin 
fibrinogen in the dilution method of Rosenfield and Tutt for the determina- 
{ of prothrombin concentration by using prothrombin-free bovine plasma 
diluent of fresh citrated human plasma. 


In the lvophilized state prothrombin-free bovine plasma maintains unaltered 
ac ivity as a reconstituted diluent of fresh human citrated plasma, and no anti- 
th ombie aetivity or pIT changes were observed over a storage period of twenty 
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weeks. Because of the greater ‘* prothrombin accelerator’? activity in bovin« 
plasma, it is necessary to establish a prothrombin time-concentration curv 
using prothrombin-free bovine plasma as a diluent. The shorter prothrombi: 
time obtained at a 50 per cent concentration of prothrombin (see Fig. 1) using 
prothrombin-free bovine plasma as a diluent is most likely due to the greate 
‘*prothrombin accelerator’? activity of this diluent. 

By lyophilization of prothrombin-free normal human or bovine’ plasma, 
there is thus placed within easy reach of many laboratories and physicians a 
reagent whereby more accurate determinations of prothrombin can be accom 
plished. With proper reconstitution of a stable (lyophilized) thromboplastin 
and a stable (lyophilized) prothrombin-free diluent of fresh normal citrated 
plasma, prothrombin determinations can be performed reproducibly. 


SUMMARY AND CONCLUSIONS 


Experimental data are presented showing the great instability of norma! 
human plasma rendered prothrombin-tree by treatment with barium. sulfate 
and stored at various temperatures in the liquid state. Such instability is shown 
to result in prolongation of the prothrombin time of mixtures of fresh normal 
citrated plasma and stored prothrombin-free plasma. This instability is thought 
to be due to the occurrence at 37.5° C. and 30° C. of antithrombie activity as 
well as inactivation of the ‘‘prothrombin aecelerators.”’ The meechanisin of 
development of antithrombie activity is not well understood. Lyophilized pro 
thrombin-free human and bovine plasma stored at —20° C. for ten and twenty) 
weeks respectively are shown to possess unaltered activity as diluents when re 
constituted with buffered distilled water and used immediately. A discussio1 
is given of the advantages of using a dilution method for the determination 
of prothrombin concentration, employing prothrombin-free bovine plasma as a 
diluent of fresh normal citrated plasma. Prothrombin time-concentration curves 
using three different diluents are included and the need for selection of a proper 
diluent is obvious. It is recommended that lyophilized prothrombin-free bovine 
plasma, reconstituted with buffered distilled water, be used as the diluent 
fresh normal citrated plasma in the determination of prothrombin concentration, 
as a means of supplying an excess of certain ‘‘ prothrombin accelerators’? to a 
coagulation system in which prothrombin thus remains as the only variab! 


It is coneluded that prothrombin-free human and bovine plasma (1) mai 


tain stability when properly lyophilized and stored at —20° C. for ten and twe! 


weeks respectively, and (2) when reconstituted to pH 7.3 are ideal diluents 


fresh plasma for the determination of prothrombin concentration. 
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II. THe Errect or ARSENIC’ Upon THE CLINICAL COURSE OF PATIENTS WITH 
TUMORS OF THE HEMATOPOIETIC TISSUES 


MatrHew Buock, M.D., Pu.D.,.* Leon O. JAcosBson, M.D., AND 
WILLIAM NEAL, M.D. 
CuHicaGco, ILL. 


INTRODUCTION 


INCE both stable arsenic and irradiation have been used independently in 

the treatment of tumors of the hematopoietic organs it was thought that 
it might be advantageous to utilize radioarsenie (As), a substance which is 
metabolized like stable arsenic, exerts a similar chemotherapeutic effeet, and 
is at the same time a source of irradiation. 

As**, which has a half-life of 26.8 hours and which emits energetic beta 
and gamma rays, was prepared by pile irradiation of arsenie trioxide, and 
later in higher specific activity by pile irradiation of cacodylie aeid. It was 
injected intravenously as sodium arsenite. The stable arsenic content usually 
varied from 3 to 10 mg. of arsenic per single injection of 1 to 80 me. of As” 
Cacodylic acid, as obtained after pile irradiation at the Argonne National Lab- 
oratory, is prepared for injection by remote control from behind lead shields 
heeause of its penetrating gamma radiations. The details of the preparation 
of As* and its metabolism have been given in two preceding reports." 

Arseni¢ is distributed rapidly to all tissues after intravenous injection. 
Highest levels are reached within twelve to twenty-four hours in the spleen, 
liver, and kidney. Fifty per cent is excreted within seventy-two hours, pri 
marily by the kidney. It is estimated that 1 me. of As‘ will deliver about | 
r. of total body irradiation. 

METHODS 

Twenty-four patients with tumors of the hematopoietic tissues, two with polyeythen 
rubra vera, and one with a metastatic carcinoma form the basis of this study. The di: 
nosis was substantiated microscopically in every case. Many of the patients had repeated 
biopsies of bone marrow, liver, lymph node, and spleen, which will be made the subject o1 


future report. (Table I. 


The first few patients in this study were treated with extremely small amounts of A 
as far as specific radiation effect was concerned, although receiving at the same time eno! 
stable arsenic probably to exert a mild chemotherapeutic effect. The first doses attem} 
were about 0.5 to 2.0 me., but within a short period of time this was increased, partly 
cause of experience with the inadequacy of these doses and partly because of the availability 
of arsenic with a higher specific radioactivity. As much as 90 me. with about 5 mg. of st: 
arsenic were administered in a single injection to the recently treated patients. In addit 
each patient received such supplemental treatment as transfusions, antibiotics, Digilanid 
mercurials, and toluidine blue or protamine sulfate as indicated. 
From the Argonne National Laboratory and the Departments of Medicine and Sur: 
of the University of Chicago. 
Supported in part by a grant from the American Cancer Society on reconmendatio f 
the Committee on Growth of the National Research Council. 
Supported in part by an Institutional Grant from the American Cancer Socicty. 
Received for publication, June 3, 1949. ( 
*Fellow of the United States Public Health Service. 
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DIAGNOSIS 


Acute leucemia 


Subacute inyelogenous 
leucemia 


Chronie myelogenous leu 
cemia 


Subacute lymphatic leu 
cemia 


Chronie lymphatie leu 
emia 


Polyeythemia rubra vera 


Multiple myeloma 


AT : : 
\ sis fungoides 

A ss = 

MI statie eareimoma, 


nary in stomach 


*Referred by Dr. 


Hlodgkin’s Disease. 
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9/5/47 
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RESULT 


TABLE I. DIAGNOSIS, DOSAGE, AND RESPONSE TO TREATMENT WITH AS76 


RESULTS 


No remission, died of hemorrhage 


No remission, died of hemorrhage 


Three remissions of 2 to 3 mo. each. 


Inadequate dose, died of intracranial hem 
orrhage 

Remission of 1 wk., then steady downhill 
ceourse, 

Symptomatic improvement for 2 wk. until 
death from cerebral hemorrhage 


First remission of 5 mo., second of 2 mo. 


Good remission for 4 mo. 

Good remission for 19 mo. 

Six-week remission on inadequate dose, sec 
ond remission of 2 mo. 


Symptomatic improvement 1 mo. 


Little improvement, concurrent hemolytic 
anemia 


Remission of 24% mo. but had series of 
pyogenic abscesses 

Remission of 1 mo., then died of hemor 
rhage 

Remission of 1 mo., then died of general 
ized tuberculosis 

No response, in severe mental depression 
at time of treatment 

Died of cerebral hemorrhage after 4 wk. 
of symptomatic improvement 

Two-week remission, died of pericardial 
effusion 

Five-month remission until death from 
congestive heart disease 

Three-month remission 

Six-month remission (unusually benign 
tvpe of case) 


Seven-month remission 


No response, later responded to x-ray 


Decrease in size of liver but progressive 
downhill course 


Ill. 


Ss 


four patients with Hodgkin’s disease re- 


d doses. The longest remission, two months, was obtained in a patient re- 


4 


ceiving 52 me. of stable arsenic and 13.6 me. of As™. However, it was felt 


the! the amount of stable arsenie was such as to be sufficient in itself to pro- 


d a remission, and that the As™® had not been given an adequate trial in 


2roup. 
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Acute Leucemia.—Both patients experienced a sharp drop in the whit 
count and platelets but no significant change in the differential count (ig. 1 
Case 1 developed a severe hemorrhagic process and Case 2 had a terminal rise 
in the white count to 180,000. Both patients had an intractable anemia whiel 


failed to respond to therapy of any nature including massive transfusions. 








WBC rt. 


15,0004 


120,000- 


10,0004 























It is clear that these two patients failed to show any better response 
As‘ than has been noted in the past to urethane,’ P*’,* ° nitrogen mustard, 
or x-ray.’® It is probable that Aminopterin'® ** will have more to offer t! 
As in the treatment of acute leucemia. 

Subacute Myelogenous Leucemia.—Case 4 did not receive enough As 
exert a therapeutic effect. Case 5 had an extremely short remission but 
patient was in very poor condition when treatment was begun. If the res 
obtained in Case 3, in which there were three remissions varying from aly 
four months to two months in spite of an intractable osteomyelitis, can be duj 
cated in other cases of subacute myelogenous leucemia, it would appear 1 
As*® may be about as effective as Aminopterin'? and superior to the more ¢ 


4 


mon therapeutic agents’ **° '* and radiosodium™ in the treatment of t! s 


condition. 
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Fig 


Chronic Myelogenous Leucemia. 


9-29-49 


Four (Cases 6, 8, 9, and 11) of the six 


ients were previously untreated and one (Case 7) had one course of 


thane and should also be classified as an early case. Four patients re- 


ded with remissions from four to sixteen months in duration (Fig. 2) and 


Cases 7 and 10) responded in a similar manner to a seeond eourse of 


The other untreated patient (Case 11) had only slight symptomatie im- 


ement. The sixth patient 


(Case 


6), 


refractory to x-ray therapy, died 
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of a cerebrovascular accident. However, his anemia failed to respond to trans- 
fusions following As‘ and he may be classified as a therapeutic failure as is 
usually the result in patients of this type. 

Chronie myelogenous leucemia is a disease with great variations in its 
course. Patients have been known not to develop any subjective symptoms for 
as long as five years after the diagnosis was established.'* '® However, only 1 
minority (16 per cent) of patients have spontaneous remissions once the disease 
produces anemia or subjective svmptoms.'* Therefore, any good result obtained 
in patients who were treated merely on the basis of a positive diagnosis may be 
aseribed to the benign nature of the disease rather than to the direct effect o! 
therapy. 

With this reservation in mind it would appear that even the greater dif 
ferences in response reported in previously untreated patients following 
x-ray,)®!S P*? 4% 7S urethane,* | Fowler’s solution?” and Na*!'! may well be 
due to variation in the biologie nature of each patient’s disease. It would, 
therefore, appear that remissions of four to sixteen months in our untreated 
cases represent no better than an average response (Fig. 2). Like other gen 
eralized methods of therapy, As*® is not as efficacious in reducing the size of a 
huge spleen as loeal x-ray therapy,’ but like P*?**' and Na*! "it rarely pro 
duces any toxic symptoms. 

Subacute Lymphatic Leucemia.—Two of the four patients (Cases 13 and 
14) were previously untreated and had symptoms of comparatively short 
duration. One patient, Case 15, had received x-ray therapy with very little 
benefit and one, Case 12, had received urethane without improvement. Three 
(Cases 15, 14, and 15) responded to therapy with an improvement in appetite, 
decrease or absence of fever, decrease in lymphadenopathy, and lowering of 
the white count for about two months. However, two (Case 13 and 15) of 
these three experienced the onset of a severe infection, furunculosis in one, 
tuberculosis in the other. 

The fourth patient (Case 12) had a hematologic response with a drop in 
white count and a decrease in fever, but because of an associated hemolytic 


anemia he continued as an invalid until his death one year later following 
splenectomy in another institution. 

These results are, in general, comparable with those reported in the lite: 
ature following Aminopterin.’? Possibly subacute lymphatic leucemia ma) 
show a better response to As than that reported after P**,*° urethane, 


or nitrogen mustard.!® The occurrence of two severe infections (Cases 13 an 


15) at the time of greatest depression of the white count should warn against 
the use of As*® in the presence of any generalized infection, especially tub: 


culosis. We have been impressed by the occurrence of a flare-up in cases 


previously quiescent tuberculosis following generalized eytocidal therapy su 
as As*® and nitrogen mustard in the treatment of leucemias and lymphomas 

Chronic Lymphatic Leucemia—Four patients were treated with fai 
adequate amounts of As‘®. Only one (Case 16) was previously untreated. | 
was in a severe mental depression and failed to respond to therapy. Two | 
tients (Cases 17 and 18), each of whom had been subjected to extensive x-! 
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therapy in the past, succumbed to complicating diseases. A spectacular result 


] 


was obtained in the last patient (Case 19) since an intractable anemia was ré 
lieved and massive lymphadenopathy and splenomegaly were decreased 
(Fig. 3 

Our results, in general, are not as favorable as those reported afte: 
x-ray*® *? or P*,* nitrogen mustard,’ urethane® ?° or Na**.’* Particularly dis 
couraging was the complete failure in the patient, Case 16, who was previously 
untreated. However, Reinhard? has encountered a similar result after P 
as we have after nitrogen mustard. The response of Case 19, who had re 
mained severely anemie in spite of massive transfusions and several types 
of therapy, was most encouraging since this is the type of case which is no 
toriously difficult to manage. 

Polycythemia Rubra Vera.—tThe response of Case 20 was fairly satisfactor 
and also was qualitatively similar to that deseribed atter P°?.* lLlowever, 
much longer remissions are not at all unusual after P*? so that As*® has little to 
offer that is superior to the results already achieved by P**. Another patient 
was treated with a total of 2.4 me. of As and phlebotomies. Since this 
amount of As*® is too small to be effective, the brief remission probably was 
due to the phlebotomies. 

Multipl Wye loma.—This disease is almost always characterized by a rapid b 
progressive downhill course with unrelenting pain in untreated cases, a 
though oceasional chronie cases such as Case 21 have been recognized.** Re 
missions similar in extent to that experienced in Case 22 have been reported 
after urethane® and Stilbamidine.” 

Mycosis Fungoides.—In many respects the therapeutie results in this dis 
ease are similar to those achieved in Hodgkin’s disease. In Case 25, treated 
four months before death, it was quite clear that the skin and pulmonary | 
sions were still in part amenable to local x-ray therapy after they had faile 
to respond to As*® or nitrogen mustard. 

Metastatic Carcinoma.—The vesults in Case 24, in which the patient hi 
a carcinoma of the stomach, are difficult to interpret. Carcinoma of the stomac 
may occasionally give rise to masses that respond to x-ray therapy by a dé 
crease in size as did this patient's liver metastases. There was little else 
the patient’s course to suggest that As*® would prove curative or even ben 


ficial in carcinoma of the stomach. 


DISCUSSION 


It appears, therefore, that As*® resembles numerous other therapeut 
agents such as x-ray, urethane, nitrogen mustard, radiophosphorus, rad 
sodium, and Fowler’s solution in that it is eapable of producing a remissi 
in certain of the more chronic and benign tumors of the hematopoietic tisst 
and that it is not a cure for these diseases. The more acute forms of the 
diseases, with the possible exception of subacute leucemia, do not seem parti 
larly amenable to As*® therapy. 

In evaluating the clinical usefulness of As one is foreed to consid 


whether it is more effective than previously used materials in produeing a 
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mission, whether it will produce a remission where other agents have failed, 
and whether the advantages, if any, are sufficiently great to warrant using 
a substanee that is so difficult and expensive to prepare and so dangerous 
to handle. Unfortunately, because of numerous factors, such as intercurrent 
disease, variations in the clinical course of patients with the same disease, 
duration of disease, previous therapy, supplemental therapy, and rest and 
psychie factors, it is very difficult to compare any series of patients. One 
cannot but be impressed by the occasional patient who responds to therapy 
in a manner that is entirely unexpected and inconsistent with the usual re- 
sponse characteristic of patients with that disease. 

The criteria for evaluating a elinieal remission are not similar. For ex- 
ample, depression of the white count has frequently been used as a means of 
estimating the response to therapy. However, particularly in acute leucemia 
and the terminal stages of chronic leucemia, the height of the white count may 
hear no relation to such response. In this study we have followed the blood 
counts carefully and have noted a depression of the white count varying from 
20 per cent to 80 per cent of the pretreatment figure in almost every patient 
treated without an invariable improvement in the clinical condition of the pa- 
tient. Consequently the white counts have not been reported in detail. There 
has been no marked tendency of the peripheral blood differential count to re- 
turn to normal following treatment except in a few cases of chronic myel- 
ogenous leucemia. An alleviation of the anemia is generally aeeeptable as an 
indication of a good therapeutic response. Since practically every one of the 
patients in this study received numerous transfusions, this criterion was 
rendered unreliable. 

In general, we have felt that the ability of the patient to live a more com- 
fortable and more useful life was the best indication of a response to therapy. 

On this basis our results seem to have been unusually good in a single 
ase of chronic lymphatie leucemia characterized by severe anemia, possibly 
avorable in subacute lymphatic leucemia, and worthy of further evaluation 

multiple myeloma. In the other diseases treated the recognized agents such 
s x-ray, P**, urethane, and nitrogen mustard, which are more readily avail- 
ile, less expensive, and less hazardous, will give similar if not superior 
inical results. 

It is of importance to note that we have not yet attained a maximum safe 
nical dosage level of As*® nor have we fully explored the combination of 
ble and radioarsenie or the effeet of repeated small doses of As*®. It is 
ssible that when these are attained a better clinical response may be achieved. 
wever, the problems of handling the amounts of As‘® we have used are so 
eat that it hardly seems practical or worth while to attempt to use larger 


antities of As’® on the basis of the response of the patients in this study. 


CONCLUSIONS 
1. Twenty-four patients with tumors of the hematopoietic tissues, two with 
veythemia rubra vera, and one with metastatic carcinoma have been treated 
th intravenous injections of radioarsenie (As*°). 
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2. This radioisotope, under the conditions used in this study, appears to 


offer no advantages over the types of therapy already in use for these con- 


ditions. 


We wish to thank Mr. Howard Ducoff and Mr. Robert L. Straube of the Argonne 


National Laboratory for their cooperation in the preparation of the As76 used in this study 


al. 
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THE USE OF RADIOACTIVE SILVER FOR THE DETECTION OF 
ABSCESSES AND TUMORS 


I. THe CONCENTRATION OF AG'!! IN SPONTANEOUS AND EXPERIMENTALLY 


INDUCED ABSCESSES 


Harotp D. West, Pu.D., ALFONSO P. JouNSON, M.S., AND 
(‘HARLES W. JOHNSON. M.S. 
NASHVILLE, TENN. 


N A recent communication from this laboratory! it was pointed out that tracer 
doses of the long half-life silver isotope, Ag'’® ' (half-life 225 days) could 
he caused to concentrate at particular localities in the bodies of albino rats by 
the simple expedient of inducing infection (experimentally) in the form ot 


abscesses. It also appeared that the radioactive isotope concentrated itself in 


areas of spontaneous infection. It seems possible that if the short half-life radio 


silver isotope, Ag@™! (half-life 7.5 days) eould be concentrated at or near thi 
site of a lesion in sufficient amounts it might prove of value in therapy of tumors 
in human beings, 

It is clear that if radiosilver can be caused to concentrate in abscesses in 
duced by injection of a suspension of bacteria, or in areas of spontaneous infec 
tion, the procedure may become a very valuable method for the detection o1 
location of hidden or obscure abscesses. The existence of the 8.2 day half-life 
Ag'’® and the newly developed, highly sensitive, directional Geiger-Miiller coun 
ters make the procedure ideal as a tool for diagnosis in the patient with an 
obscure focus of infection.* 


In the part which follows it will be shown that the Ag" 


behaves similar) 
to the Ag'’*"'° (as would be expected from the electron configurations), viz., 
it concentrates in spontaneously or experimentally induced infected areas. Th¢ 
directional Geiger-Miiller counter was not used in these experiments with Ag 

It was necessary to conduct the assay through actual ashing of the tissues and 


chemical isolation of the radiosilver. 


EXPERIMENTAL 


The Agt11 was separated from the irradiated palladium target obtained from t] 
pile at Oak Ridge by a procedure developed in the Cancer Research Laboratory of tl] 
Institution by Rouser and Hahn.2 

The test organism used was a strain of Streptococcus hemolyticus isolated from 1 
throat of a hospital patient. The organism was used after sixteen hours of incubation 
proteose peptone broth at 37° C. One tenth of a milliliter of the undiluted culture w 


injected into the right legs of albino rats and forty-eight hours later 0.5 milliliter 


_ 


From the Departments of Biochemistry and Bacteriology, Meharry Medical College. 


Received for publication, July 11, 1949. 

*The Ag’ jsotope is the isotope of choice for this purpose since it produces gamma 1! 
and, unlike Ag™ which is a pure £-ray emitter, should be amenable to external survey. Pt 
f-ray emitters are useless for this purpose since their particles travel only short distanc: 
The 225-day half-life isotope, Ag’: ™, while it emits gamma rays and thus would be detectal 
in external surveys, is excluded for this purpose on account of the danger of prolonged ir! 
diation resulting from its long half-life. This would be particularly hazardous if for some reas 
the isotope is not promptly excreted. On the other hand, Ag™ has a relatively short half-] 
of 8.2 days. 
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Agi11 in the form of the nitrate was injected either into the same leg or into the left one. 
Three days after injection of the isotope the animals were sacrificed and the legs, kidneys, 
livers, lungs, hearts, and testes or ovaries were ashed and the silver was isolated and 
subjected to radioassay as described previously.!| The results with five animals are given 


in Table I. Each tissue was subjected to bacteriologic examination before assay. 


TABLE I. DISTRIBUTION OF AG!11 IN VARIOUS TISSUES 72 Hours FOLLOWING ITS INJECTION 
IN LEFT OR RIGHT LEG IN THE PRESENCE OR ABSENCE OF INFECTION EXPERIMENTALLY 
INDUCED IN THE LEFT LEG 
(Dose: 0.5 c.c. WITH 3.62 x 104 COUNTS PER MINUTE) 


TESTES 
RIGHT LEFT | OR RIGHT 
LEG LEG KIDNEY LIVER LUNG HEART OVARY LEG 
Isotope 310 &Y() 85 5 TSO 1,220 
Organism 
Isotope 100 S62 he 10) 1,065 3,220 
Organism 
Isotope Organism 192 1,690* 9] 1,620 £000 
Lsotope Organism 172 1,261 97 y 1,026 ay 
Isotope 172 1,097 101 35 Zi 1,262 1,415 


*Bacteriologic test positive, indicating infection. 


It was of interest that the concentrations of radiosilver were uniformly high in livers. 
To confirm this observation, three additional animals were given injections of Ag!1!1 alone 
and the concentrations of the isotope in kidney, liver, lung, heart, and testes or ovaries 
were determined. The results are shown in Table II where it is to be seen again that 
the livers have a uniformly high count. 
‘ 


TABLE II. DistriputTion or AG111 IN Various Tissues 72 Hours AFTER Irs INJECTION INTO 


RiGHT LEG 
RADIOSILVER INJECTED INTO RIGHT LEG (COUNTS PER MIN.) 
| TESTES OR 
KIDNEY LIVER JUNG HEART OVARY 

388 1,031 } 0 0) 

38] Q?.4 : 0) 0 
K, 103 G64 H 0 0 
Control 36,147 
sample 


An additional three animals were studied for normal distribution of the isotope. In 
instance the studies were extended to include as much of the muscle, bone, and blood 
ould be obtained and the feces and urine were collected. The stomachs and intestines 
‘ assayed together as well as the major portion of the skin. The heads and tails were 
studied. The results are shown in Table III. Rat 1 must not be compared with Rats 
d 3 since a massive infected area was found in the left leg (right leg injected with 

The predominating organism in this infeeted organ was a strain of Str. hemolyticus. 
tissue placed under the Geiger-Miiller tube for radioassay was found to be highly 


active, 

DISCUSSION OF RESULTS 
The experimental findings given in Table I indicate, in line with our previ- 
results with the 225-day half-life isotope, that Ag’ also concentrates in the 


ie with the experimentally induced abscess. They demonstrate also that this 


occur even if the isotope is injected into an organ quite remote from the 
s of infection. The result with Rat 1, Table III, was extremely fortunate, 
igh unexpected. The radiosilver was injected into the right leg. When the 
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IIT. DisrripuTion oF AG111 IN TISSUES OF THE ANIMAL Bopy AND RECOVERY AFTER 
72 Hours 
(HrApS AND Tarts Nor Stupiep. Rat 1 Was FouNp ro HAVE A MASSIVI 
INFECTED AREA IN THE LEFT LEG) 
RAT 1 RAT 2 RAT 3 
(COUNTS/MIN, (COUNTS/MIN, (COUNTS/MIN., ) 
Liver 
Lungs 
Kidney 
Skin 
Bone 
Muscle 
Feces 
Urine 
Blood 
Testes or ovaries 
Intestine and stomach 
Heart 
Per eent recovery 
Control sample 
(counts/min. 


animal was sacrificed a massive infection of the left leg was discovered. The 
high count in the muscle fraction for this animal was chiefly due to the silver 
concentrated in this area. This result emphasizes the probable value of thi 


method, if emploved, for detection of obscure or hidden abscesses 


The uniformly relatively high count in the livers of the animals studied 


+ 


deserves some comment. The counts in the infected tissue are some three to 
four times as great as those seen in the livers and thus would hardly be caus 
for confusion in the search for a focus of infection. These relatively high counts 
after three days are apparently related to excretion of the silver. The hig 
counts seen in the teces, the absence of silver from the urine, and the relativel) 
high values for liver lead to the conclusion that tracer doses of radiosilver are 
excreted by the liver, presumably by way of the bile, into the intestines and 
excreted in the teces. These results confirm those of Seott® recently available 
from the Atomic Energy Commission. 

Previous attempts to develop procedures for the detection of abscesses hav 
heen made by Kroll, Strauss, and Necheles®® and Strauss, Neuwelt, Rovner, 
and Necheles.* In a recent publication® these authors suggest the use of the 
his-azo dye, disodium-l-amino-8-hydroxy-naphthalene-3,6-disulfonate (H-acid 
monobrominated with radioactive bromine for locelization in experimentally 
duced abscesses in dogs. The preliminary experimental results reported hi 
would suggest that the employment of radiosilver nitrate in tracer doses may 
a more simple procedure. 

These studies are being extended to animals with the turpentine sterile 


abseess and with tumors. 


CONCLUSIONS 


1. The radioactive Ag'" isotope concentrates in areas of infection. 
2. This isotope is excreted by the liver into the intestine presumably 


way of the bile and the feces. 
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3. Since both Ag!’ ''’ and Ag"! concentrate in areas of experimentally 
induced and spoutaneous infections, it Is to be expected that other silver isotopes 
such as Ag,'’® for example, would behave similarly. Sinee Ag'’® has a short 
half-life (8.2 days) and also emits gamma rays and is thus amenable to external 


survey, it is suggested that it might prove to be of value as a tool for the detee- 


tion of obseure foci of infection in the animal body. 


The senior author wishes to express his gratitude to Dr. P. F. Hahn of the Cancer 
Research Laboratories of this College for his assistance in the initiation of the program 


of isotope research. 
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THE MINIMAL SODIUM DIET: A CONTROLLED STUDY OF TITS 
EFFECT UPON THE BLOOD PRESSURE OF AMBULATORY 


HYPERTENSIVE SUBJECTS 


MILTON LANDOWNE, M.D.,.* WALTER S. THOMPSON, JR., M.D.,t AND 
BaRBARA RuBy, B.S. 
CHIcAGo, ILL. 


INTRODUCTION 


ee in 
the therapy of hypertension,’ there is as vet no complete agreement as to 
the efficacy or explanation of this therapy. Recent re-examination of this sub 
ject might lead one to the conelusion that the administration of dicts which 
are low in sodium is sometimes attended by a reduction in blood pressure.* ‘ 

This, it has been claimed, ° is a reason for the success'® of the rice diet therap) 

Dietary restriction of sodium (including the rice diet) has again become wide 
spread and is generally being applied in elinical practice without adequate con 
trol. Several carefully controlled studies have dealt with patients in the hos 
pital after they have reached a stabilized, or nearly stabilized, blood pressure 
level and in whom a period of sodium restriction has then been alternated with 
a period of more normal sodium intake.'' '*) 1° From these studies has come thi 
observation that in some patients a fall in blood pressure may occur during a 
period of severe sodium restriction, but that this fall may be slight and may 
oceur only when the twenty-four hour intake of sodium is kept extremely low. 

It is not satisfactory to earry over the results of these studies by attempt 
ing to apply them generally to the clinical treatment of hypertension. Firs 
of all, a hospital environment is not the usual environment for a human being. 
The factors which may relate to the maintenance (and perhaps the establish 
ment) of hypertension are considerably modified by the simple fact of being 11 
hospital as a patient. Therefore, a form of therapy which is ineffective or re 
tively ineffective in the hospital might conceivably be more effeetive when 
patient is under ‘‘normal’’ living conditions. 

Second, it is possible that severe sodium restriction might serve to red 
blood pressure in the hypertensive patient only under certain circumstance 
For instance, sodium restriction may be unable to further lower a blood press 
that has come down under influence of other factors to a minimum or ‘‘! 
line.’’ If the patient had been treated at a higher level of blood pressure 1! 
this ‘‘base line,’’ an effect might have been noted, even though the therap: 


ineffective in lowering the ‘‘ floor’ of blood pressure. 
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Most important of all, the administration of a diet which is rigidly 
restricted in any factor may influence the habits and reactions of the patient 


quite profoundly. In this manner it may produce physiologic changes unre- 


lated to the removal of the particular agent under study. In order to control 
this most prominent feature of dietotherapy it is mandatory to administer a diet 
identical to the experimental diet in every way, except for the factor under 
study. Moreover, this must be done in sueh a way that the subject remains 
unaware of the difference. In addition, in any study where the interests, 
emphasis, or bias of the investigator might modify the results, he, too, should not 
know whether his observations relate to the experimental or the control period. 

Two recent studies have been reported on the effect of rigid sodium restric- 
tion upon ambulatory patients in which favorable results are claimed.’ * These 
reports do not include controls, either of the diet in terms of the degree to whieh 
the diet was followed or of the factors in the treatment, other than lack of 


sodium, which might be responsible for the results. 


PLAN OF STUDY 


For these reasons a controlled study was planned in which all patients would be 
placed upon the same dietary regimen—one which would be rigidly restricted in sodium 
content to less than 300 mg. of sodium per day. The experiment was divided into three 
periods of six weeks each. Schedules were prepared for twenty-four patients covering the 
administration of either sodium chloride,* 4 Gm. per day, or an identically designed lactose 
preparation® to these patients during the three experimental periods. (A construction based 
upon three periods was chosen to make it impossible to be certain whether the medication was 
being changed or not at the conclusion of any one period.) Of the eight different combina 

ons of periods possible, these four were selected: 1. Lactose, sodium, lactose; 2. sodium, 
ctose, lactose; 3. lactose, lactose, sodium; 4. sodium, lactose, sodium. 

\ schedule was selected in random fashion by the pharmacistt and assigned to each 

tient, the medication to be issued from the pharmacy according to this schedule and with- 
knowledge of the patient or the clinie personnel. Although occasionally a patient had 
strointestinal distress which might suggest that he was receiving sodium chloride, in the 
n there was no indication as to which medication was being taken. 

The subject was seen throughout by the same investigator, who, following a uniform 
nique each week, recorded the blood pressure on one particular arm after the patient 
rested in the recumbent position for at least five minutes, averaging two or three deter 
ations, The recommended technique for blood pressure measurement was followed.16 

\dhering to the diet as planned was not an easy task. As a practical check, twenty-four 

urine samples were collected usually once a week for sodium analysis, with creatinine 
vsis to establish the completeness of the sample. While urinary sodium will not parallel 
ry sodium during retention, in diuresis or other state of negative sodium balance, the 
th of the observational periods makes it unlikely that any significant storage or loss could 

and not be reflected by weight change. 

The technician alone had access to the records of medication. Accordingly, if the sodium 
tion exceeded the estimated intake, the doctor and dietician could be so informed. The 

ng procedure resulted in some delay and this explains why a number of patients were 

tted to continue the experiment although their sodium intake was so high that they 

These were initially provided as gelatin capsules containing 0.5 Gm. through the 

sy of Dr. L. E. Josselyn and the Abbott Laboratories, North Chicago, Ill. Subsequently, 

lly coated, sealed tablets were used, obtained through the courtesy of Dr. K. G. 


taedt and Eli Lilly & Company, Indianapolis, Ind. 
rWe are greatly indebted for the able cooperation of Mrs, M. L. Kettering and her 
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cannot now be considered to have been on a rigid sodium restriction. While some patients wil 
follow the diet with precision and have no difficulty in maintaining a urinary twenty-four 


hour sodium well below 300 mg 


mt 


other patients cannot be made to understand, or do not want 
to accept, the limitation of a diet so constructed. 

Selection of Diets.—The diets were individually prescribed after interview. They at 
tempted to meet the doctor’s prescription as to caloric level (maintenance was desired) an 
as to protein content (usually as high as the patient would accept), to consider the patient’s 
tastes, and still to have the caleulated sodium content below 800 milligrams. A commercia 
preparation of salt-depleted reconstituted milk* was employed where indicated. Commercia 
salt substitutes were permitted if they contained no sodiumt Tron and vitamin deficiencies 
were corrected by medication where necessary. Water was allowed ad libitum, the sodiun 
content being known or determined to be insignificant. In several instances ‘*holidays’’ 
were permitted for Christmas or New Year’s Day. Although these were followed by a mer 
curial diuretic and when necessary an additional urinary collection, relaxation to this degr 
was a mistake, at least in the handling of the experiment. We did feel at the time that 
kept the cooperation of the subject. We were aware of the variation in sodium content of 
foods according to selection and preparation, as well as differences in values cited by dif 
ferent authorities.17, 18 

Selection of Patients. {Twenty-four patients were selected on the basis of the ex 
istence of definite diastolic hypertension (above 90 mm. Hg) after several Clinic visits. 
More than half of the patients had long records of previous attendance at the Clinie. A group 
was chosen who expressed themselves as willing to follow the procedure with the understar 
ing that they were participants in an experimental study. Since the experiment contained its 
own inherent control it was not thought necessary to observe these patients for uny period oO! 
a normal diet prior to placing them on the experimental regime. In addition, a type of in 
complete control was available in the records of those patients who had been attending the 
clinic previously, but in these cases blood pressures were not taken always in the same manne! 
or by the same observer. A second type of control was offered in the several patients in whom 
diet was begun before the ‘‘special’’ medication was available, and these patients, therefore, 
had a period of sodium restriction during which time they were not given medication. In 
one or two instances after the experiment was completed and it was determined that the 
patient had not followed the diet correctly, a final experimental period was added during wh 
no ‘*special’’ medication was given and the patient was observed on the salt restriction alor 
The ages of the patients were between 28 and 70. Nine were men. The etiology of hyper 
tension was considered to be known in two cases, one of glomerulonephritis and one 
pyelonephritis with nephrolithiasis. Two patients previously had undergone sympathecton 
None of the patients were in congestive heart failure, renal insufticiency, showed hypopro 
teinemia or lowered serum sodium or chloride concentrations, or had visible edema. Of 
twenty-four subjects selected, twenty-one continued the study for at least two experimental 
periods and twenty of these for at least three periods. In some instances repeated determin: 
tions were made of the heart size by roentgenogram, the electrocardiogram, blood volut 
and thiocyanate available space; but not enough information was obtained over the sl 
period of this study to warrant any attempt at analysis. Other forms of medication wl 
did not augment sodium intake (digitalis, phenobarbital, thiocyanate) were either dis 


tinued at the outset, or continued unchanged during experimental and ¢ontrol periods. 


RESULTS 
The entries, representing the average of the blood pressures recorded 


each visit, were averaged for each experimental period. The values obtained 


considered to represent the blood pressure for the subject under the eonditi: 


*Generous supplies of Lonalac were made available by Dr. C. E. Bills of Mead J 


son & Company, Evansviile, Ind. 
+Neocurtesal, Winthrop Chemical Company, Ine., New York, N. Y.: K-Salt, Chi 

Dietetic Supply Co., Chicago, Il. 
: ¢Dr. A. S. Alving and Dr. R. M. Becker referred several of the patients use 
this study. 
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of the experiment. (If, as has been claimed, an effeet of sodium restriction 
may not appear for some time after the restriction of diet, and may persist after 
discontinuance of the regime, then the averages thus taken will diminish the 
apparent effect. ) 

As a first analysis the blood pressures were averaged for all lactose periods 
for each patient and compared with the blood pressure obtained during the 
period or periods when sodium chloride was given. This construction assumes 
that the experiment was carried out as it had been planned originally. An 
analysis of the diastolic pressures according to this grouping fails to reveal any 
significant differences between intended experimental and intended control 
periods in the group as a whole. The subjects were then reclassified according 
to the results of the averaged twenty-four hour urinary sodium assay. It is 
recognized that a single twenty-four hour urinary collection may not represent 
the average of the excretion of sodium for a seven-day period, but by the same 
eriterion the observations of blood pressure made one day in the week and only 
during one part of the day do not necessarily represent the average blood 
pressure of that patient over the entire week. With this realization, the experi- 
mental periods have been arranged under three headings. Where the twenty- 
four hour urinary sodium samples averaged less than 0.5 Gm. during a period, 
the patient was considered to have been on rigid sodium restriction (A). When 
the average of the samples of twenty-four hour urinary sodium was greater 
than 0.5 Gm. but less than 1.05 Gin., the degree of sodium intake was ecnsidered 
to have been intermediate (B). When the twenty-four hour sodium samples 
averaged 1.05 grams or more, the sodium intake was not considered restricted 

(‘), On this basis, only nine patients were observed to have actually main- 
tained a rigid restriction for at least one complete period on an average basis. 
Two of these patients were on the restricted diet for two periods apiece. One 
patient was earried for only two periods and during both of these was on a 
restricted sodium intake. 

There emerges, therefore, a group of eight patients who were under severe 
dium restriction for at least one period and by comparison had at least one 
‘iod of intermediate or relatively unrestricted intake of sodium. Table | 
dicates the average blood pressure during the experimental and the control 
iods for each of these subjects together with the experimental difference 
“luced by the substitution of sodium chloride for lactose. The observed 
in change in diastolic pressure was —4.7 mm. of mercury with a standard 
lation of 7.6. The mean difference between the average of systolie 
ssures was -&.7 mm. of mereury with a standard deviation of 10.1. 

It may be argued that these differences are entirely due to chance. As a 

of the adequacy of our method of sampling blood pressures, the observa- 

s on twenty-one patients used in this study may he employed. While only 

it of the group had been suitable to compare in experimental and control 
Silations, twenty-one of the subjects had been followed for at least two like 


iods. These may have been periods each of low sodium excretion, or periods 





1384 LANDOWNE, THOMPSON, JR., AND RUBY 


TABLE I, AVERAGES OF BLOOD PRESSURES TAKEN DURING CONTRASTING SopiuM RESTRICT! 


PERIODS (DURING PERIODS A THE AVERAGE SopiIuM EXCRETION WAS BELOW 0.5 GM./24 
HR. DURING B AND C Ir WAS GREATER 


SYSTOLIC MM. HG DIASTOLIC. (MM. HG NUMBER OF 


SUBJECT BOR DIFF. A BOR C 
161. 22.2 85.° 94.° 
216. y 113. 105. 
19S.: 1D. 92. 93.6 
178. | 102.1 
1S7.. 8. 112.7 
ia #. ics 106.3 
179. 16.2 109.0 
158.; 2 ‘ 89.7 


1LOL7 


) 
‘ 


182.é S. 
+10.1 
Study of these twenty-one 


of intermediate or unrestricted sodium excretion. 


pairs (Table IL) indicates that two consecutive periods on a like regimen ot 
sodium intake were associated with an average recorded difference in blood 
pressure averaging 0.6 mm. of mereury diastolic and 1.1 mim. of mereury 
systolic. Considerable variation in the differences observed between. like 
periods in each subject was noted here and also was present in the eight sul 


jects comprising the experimental group. 


TABLE IT. 


SUBJECT 


AVERAGES OF 


SYSTOLIC 


Ist 


156. 


219.3 
177.2 
178.6 
198.: 
176.5 


183. 


156.5 


193. 
209, 
yoo « 
223 

151. 


Be 
142. 

205. 
206.; 


182.: 


124.2 
165. 
183.2 


183.: 


BLOOD PRESSURES TAKEN 


2ND 
164.7 
230.0 
198.3 
178.0 
184.2 
182.0 
174.3 
162.0 
194, 
Fis 
228: 
] 7.3 
172.3 
39.¢ 
POS, 
207. 
175 
232.6 
119.6 
161.3 
197.0 


184.3 


(MM, 


HG. ) 


DIASTOLIC 


IST 
92.8 
114.4 
84. 
101.9 
120.0 
107.4 
113.0 
87.0 
110.6 
110.0 
128.1 
79.2 
99.2 
96.8 
12.8 
12.3 
14.0 
29.4 


l 
l 
l 
l 


i ae | 
90.6 
90.3 


103.6 


DURING 


2ND 
95.0 
112.8 
93.6 
102.5 
110.5 
106.7 
102.8 
Q5.( 
113. 
110.6 
128.2 
78. 
96.: 
100.3 
106.6 
GR BE: 
114.4 
126.0 
77.6 
S7.8 
92.3 


103.0 


PERIODS O1 


LIKI 


MM. 


SoplIUM EXCRET' 


HG. NUMBER OF ENTER 


DIFF, 


1.6 
6.: 
0.6 
o.2 
0, 


To determine the likelihood 
the experimental group might be 
reliability was applied* using the 


*We are 


indebted to Dr. L. J. Savage of the 


that the differences in the eight subjects 


due to chance alone, a ‘‘t’’ test of statist 


formula: 


= dp 


Department of Radiobiology and 


physics, for direction, advice, and assistance with this analysis, and also for serving 


well-tempered foil to our efforts. 
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where d experimentally observed difference in blood pressure between 
periods of unlike sodium excretion, 


p weighting factor for d , in which n the number of entries 
n+n 


during the lactose period and n’ the number of entries during the sodium 
period, 

- the similarly weighted square of the difference between pairs of like 
periods, and 


- the number of pairs ot like periods or 21. 


This formula relates the experimental differences in the eight subjects 
to the variance of the blood pressure of the entire group of twenty-one sub- 
jects. The t values obtained for 21 degrees of freedom were 2.93 for diastolie 
pressure and 3.17 for systolic pressure. On this basis, the probability that a 
difference of the degree experimentally observed would oceur by random 
variation alone is less than one in one hundred for both systolic and diastolie 
values.!? 

A tendency to lose weight was noted, probably because of fluid loss and 
the difficulty of maintaining caloric intake. Every effort was made to keep 
the weight loss minimal. Some subjects even gained in weight and these were 
not exclusively the ones who were unable to restrict their sodium intake. The 
average weight loss was greater (2.0 Kg.) in the twelve subjects whose sodium 
exeretion was above 0.5 Gm. than the weight loss (0.1 Kg.) in the eight sub- 
jects who were able to rigidly restrict sodium. (Tables III and IV.) 

Generally the patients who could adhere to the diet claimed the most sub- 
jective benefit; several could hardly be kept from continuing the regimen. 
One of these died abruptly three days after agreeing to liberalize her salt 
intake. The cause of death was presumed to be a cerebrovascular accident. 

No evidence of undue salt deprivation was encountered. The study was 

earried out during the summer months. It was the observers’ impression 

it respiratory infections seem to be followed by undue degrees of asthenia. 
e patient developed pneumonia together with a condition resembling salt 
jetion. Her participation in the experiment was terminated and inquiry 
» the schedule revealed that she had been receiving supplemental salt. No 
ormalities were noted in serum electrolytes in this or any other ease. 

Certain collateral 4nformation was obtained by analyzing the Clinie 

rds of our subjects prior to and following the controlled experiment. 

od pressures taken by the same or by other observers and without uniform 

nique have been averaged for over three periods: (1) before 1948, (2) 

through 1945, and (3) 1946 and 1947 until the subject was selected for 

y. In eertain instances the experiment was preceded also by a short 

od on diet alone and in some instances there was a further period of ob- 

ation on unrestricted sodium intake at the conelusion of the study. The 
nique followed in these last two periods was essentially comparable to that 
during the study except for the omission of the disguised sodium chloride 


etose. 
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The average results of this evaluation are reeorded in Tables 1} and 1V 
For comparison, the experimental data are entered according to the level o! 


‘ 


urinary sodium as A, B, or C. The cases are arranged into three groups. Thi 
first group (Table II1) includes the eight patients who completed at least an 
A and a B or C period. The second group (Table IV) includes twelve patients 
with no A period, and the third group consists of a single patient with A periods 
alone. The change in blood pressure in the first two groups is averaged, usine 
the value for 1946 and 1947 as a base. The averaged sodium excretion also 
is shown for the experimental periods. The experiment in the third group was 
terminated by intercurrent illness. The comparison reveals an apparent fal! 
in blood pressure in all groups during the periods of study. This fall is of 
magnitude much greater than that experienced within the controlled portion 
of the experiment. For the study periods of lowest averaged blood pressure, in 
the eight experimental subjects used for evaluation of sodium restriction the 
average fall in systolic pressure was 30 mm. of mercury and in diastolic pressure 
20 mm. of mercury. A similar comparison for the group of patients who did not 
follow a period of strict sodium limitation as defined shows an average muximu! 
fall of 28 mm. of mercury systolic, and 16 mm. diastolic. There is a general 
tendency for the pressure to vary with the salt excretion. (It must be recalled 
that periods A, B, and C were not necessarily consecutive in any patient.) How 
ever, the sodium excretion after termination of the experiment was comparable 
to that of an unrestricted diet and, nevertheless, blood pressure average remained 
below the 1946-1947 level for both groups. 


DISCUSSION 

The average of the differences in blood pressure which can be ascribed to 
sodium restriction alone under the conditions of the study is shown to be quite 
small, 9 mm. systolic and 5 mm. diastolic. It should not be inferred from this 
that a regime of sodium restriction is ineffective or unwarranted therapy in 
uncomplicated hypertensive vascular or cardiovascular disease. Two important 
considerations should be emphasized in this regard. 

(1) While the average response in the group.of patients studied is small, 
certain individuals showed a greater response than others. Patient La., on the 
controlled portion of the study, evidenced a fall in diastolic pressure of 19 m 
of mereury. A fall of between 12 and 22 mm. of mereury in systolic pressure 
was evidenced in four cases. It is probable that there are individual differences 
in responsiveness among patients. Perhaps, also, the degree of response {0 
sodium restriction is modified by other factors not herein controlled. It is to 
be emphasized that there may be different varieties of the disorder which is 
ealled ‘‘essential’’ hypertension in our ignorance of its homogeneity or « 
ology. When a large number of patients has been examined and the 
sponsiveness of these patients to variation in sodium intake alone has }b 
analyzed it may be possible to group the type of patient who responds into a 
separate category. The size of the present study does not permit deducti 
of this nature. Nor can we identify our responsive patients as being of 
‘“pseudo-Cushing’s’’ type reported by Schroeder,"” 
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(2) It will be noted by comparing the collaterally obtained information 
with that obtained during the experimental part of the study, that all pa- 
tients, even those who responded very little to restriction of sodium alone, had 
a reduction in blood pressure over the period encompassed by the study. 
This maximum change in pressure is the figure that would be obtained from 


an entirely ‘‘elinieal’’ evaluation of these patients and represents the over- 


all effeet of all procedures used, plus the spontaneous variations in blood 
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Fig. 1.—For the eight subjects in whom the effect of sodium restriction alone can be 
letermined, the blood pressure change ascribed to this restriction is compared with the maxi- 
mum fall in pressure from the clinical records. Each dot represents one subject; the cross 
represents the average of all subjects. (All illustrations courtesy of the Veterans Adminis- 
tration, Washington, D. C.) 


pressure, differences between observers, ete. If no analysis had been made of 


the change in blood pressure associated with sodium restriction alone, this 


ntire effeet could have been ascribed mistakenly to the therapeutie value of 
sodium restriction. In Fig. 1, the fall in blood pressure aseribed to sodium 
restriction alone is compared with the maximum clinical fall in blood pres- 
sure based on the records. It will be noted that there is no correlation be- 
tween the two sets of observations. Several individual records are presented 
in Figs. 2 to 8 One patient whose blood pressure rose during the period 
0! sodium restriction as compared with a period of liberal administration of 
solium nevertheless had the greatest fall in blood pressure of any of the 
2)oup on an over-all basis (Fig. 2). Moreover, this patient claimed great 
syinptomatie improvement on this regimen. Her blood pressure was lowest 
diving the six week period in which the urinary sodium averaged 1.25 Gm. 
per day (equivalent to 3.2 Gm. of sodium chloride). The absence of cor- 
re ation between the fall ascribable to sodium restriction alone and the gen- 
e:\| reduction in blood pressure that occurred during the course of the study, 
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and the small number of eases of the experimental group, make it rather point- 
less to present the individual cases in a search for the factors which make 
some patients susceptible to sodium restriction and others not. If the effect 
of this regimen is considered as the resultant of the two components, i.e., the 
effect of sodium restriction per se and the effeet of all other factors, probably 
variation exists between individuals in each of these effeets. It would be im- 
portant to know how to select those patients who might have a good response 
to sodium restriction. It would appear of even greater importance to have 
criteria for selection of patients who respond to the factors other than sodium 
restriction. Both necessitate extension of our studies. 

The foregoing comments deal only with the response of the blood pres- 
sure under the described regimen. <A further factor of therapeutic impor- 
tanee arises when it is considered that the symptomatic effect of this regimen 
did not always parallel the ehange in blood pressure, nor the variation in 
sodium intake. There were patients who felt better although the blood pres- 
sures did not fall, and there were patients who felt better during a period 
when the sodium intake was higher than it had been before, regardless of any 
change in blood pressure. Our brief studies do not permit analysis of these 
relationships nor do they control spontaneous variations in the level of the 
patient’s symptoms. 

We have been quite arbitrary in selecting the level of sodium exeretion 
by which our patients have been grouped. Previous workers have maintained 
that a urinary sodium or chloride excretion equivalent to more than 0.5 Gm. 
of sodium per day should not be considered an adequate degree of sodium 
restriction for the treatment of hypertension. It is quite possible that the 
blood pressure in some patients may fall with much more moderate sodium 
restriction than that which we have aitempted. The average blood pressures 
for periods at different levels of sodium exeretion reveal to some extent the 

dividual and average response of patients when the degree of sodium re- 
striction is varied. A more important objection to the conclusions of the study 
s in the fact that the period of observation was arbitrarily limited to six 
ceks. In several instances it appeared that a change in blood pressure was 
coming manifest toward the end of the six-week period. This is in aeeord 
ih the results of others who have pointed out that a delay in response may 
noted. This is said to occur particularly during desalting. Such a phase 

Jaeement, commented on previously, will minimize any apparent effect 

sodium restriction alone in this study. We do not feel that our data permit 

ision of the experimental periods each into two periods of three weeks, al- 
igh this would be a way of approaching this valid criticism. 

The study was designed to evaluate only one point, and that was whether 

im restriction alone was eapable of significantly reducing the blood pres- 

of hypertensive patients. Here ‘‘significant’’ does not mean the significance 

ie patient or any therapeutic significance but simply whether sodium re- 
Ss! ction had a_ statistically significant effect upon the blood pressure. This 
be established before one can view in its proper light the result of the 
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complex alterations which ensue when a patient comes to the doctor’s office 
or to the elinie and is advised to go on a rigidly restricted diet. It is im- 
portant for the doctor to know whether the diet he advises is effective because 
of its sodium restriction, because of its specifie composition, because of its 
psychological implication, or whether the patient appears to benefit because 
some active therapeutic effort is being made in his behalf or simply because the 
doctor is taking an interest in him. From the point of view of some patients 
(and physicians), the mechanism may not seem to be of importance, it often 
sufficing that the patient feels better and that the response satisfies his phy- 
sician in whom he places his trust to keep him well. For the physician, this is 
self-deception. 

There is great need for a wider realization of the profound physiologic, 
psychologic, psychiatric,” social, and economic alterations which may result 
from a diet such as this, apart from the biochemical and physiologic effects of 


sodium chloride depletion. 


SUMMARY 


An attempt was made to provide a maintenance diet with a sodium con 
tent restricted to less than 300 mg. per twenty-four hours. This diet was 
offered to twenty-four ambulatory hypertensive patients on an experimental 
basis. In addition the subjects received either 4 im. of sodium chloride o1 
lactose in identical form over three periods of approximately six weeks each 
according to planned schedules. Neither the subjects nor the investigators 
were aware of the schedule being used and the subjects were not aware of the 
nature of or alteration in the medication. The criterion adopted for rigid 
restriction was the average excretion of less than 500 mg. of urinary sodium 
in a weekly twenty-four hour sample. Blood pressures were recorded by 
standardized technique approximately once each week. Eight subjects pre 
sented data for a period of restriction which could be compared with a period 
of greater sodium excretion. In these subjects the average diastolic blood 
pressure was 4.7 mm. of mercury lower and the average systolic pressure &.7 
mm. of mereury lower during the restricted period than during the period 
of sodium supplementation. Twenty-one subjects yielded data for at least 
two periods of a like order of sodium excretion from which the variances « 
the blood pressure for the group were determined. On this basis the prob 
bility that a difference as large as that experimentally observed would occ 
by random variation is less than one in one hundred for both the diasto 
and the systolic values. 

CONCLUSIONS 

1. A diet rigidly restricted in sodium is difficult to administer succes 
fully to ambulatory hypertensive subjects. 

2. A differences of less than 5 mm. of mereury in the average diast: 
blood pressure was observed, which could be ascribed to the effect of 1 
sodium chloride restriction alone. 


3. This difference cannot reasonably be assigned to random variation. 
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4. Reduction in blood pressure observed when hypertensive patients are 


placed upon a diet which is restricted in sodium may be only partly due to 
sodium restriction. Some of the other factors which may be involved are 
pointed out but not analyzed in this study. 
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INFLUENCE OF VARIOUS DISEASE STATES UPON THE FEBRILE 
RESPONSE TO INTRAVENOUS INJECTION OF TY PHLOLD 
BACTERIAL PYROGEN 


With PARTICULAR REFERENCE TO MALARIA AND CIRRHOSIS OF THE LIVER 


ALBERT HEYMAN, M.D., AND Pau B. BEEsSon, M.D. 





ATLANTA, GA. 


aipeonicng experience during fever therapy has shown that patients given 
a series of injections of a bacterial pyrogen, such as that present in typhoid 
vaceine, develop a remarkable tolerance to the pyrogen, so that increasing doses 
must be given in order io produce comparable elevations in body temperature 
This type of immune reaction or tolerance is of short duration and is ap 
parently not dependent on the presence of specific antibodies.” ? Experiments 
in rabbits indicate that it is related to an inereased ability of the reticulo 
endothelial system to remove the pyrogen from the cireulation.” The question 
arises whether a similar tolerance develops in human beings during the course 
ot certain febrile diseases. If such alterations do occur, patients convalescent 
from these diseases would be expected to show very little febrile reaction to 
intravenous injection of a bacterial pyrogen. One observation pertinent to 
this problem was reported by Howard! who, in studying the effect of fever on 
protein metabolism, found that he was unable to elicit an appreciable febrile 
response to typhoid vaccine in a patient who had recently recovered from 
malaria. Morgan® reported that patients convalescent from typhoid and 


paratvyphoid fever showed no significant febrile reactions to intravenous in 





jection of purified extracts of Eberthella typhosa and Shigella dysenteriae. This 








material, however,* produced marked febrile reactions in normal individuals 


The present report summarizes observations on the febrile response of patients 





With various diseases to intravenous injection of a small dose of typhoid 
vaecine. 
METHOD 


The vaccine employed was a suspension of heat-killed #. typhosa containing appr 
imately one billion organisms per milliliter. The standard dose was .05 ml. injected int! 
venously. Previous experience with this vaccine had shown that this dose produced lit 
symptomatic discomfort other than a sensation of chilliness followed by a rise in tempe 
ture of 1.5° F. to 3° F., with temperature returning to normal in four to six hours. T¢ 
perature measurements were made with a constant-recording rectal thermometer. Readi 
were begun one hour previous to the injection and continued at thirty-minute intery 
for eight hours afterward. The febrile response was plotted on graph paper and the te 
perature previous to injection was taken as the base line. The area between the base | 
and the course of the febrile response was measured with a planimeter. The size of 1 
area, expressed in vernier units of the planimeter, was called the ‘‘ fever index.’’ 

The subjects studied can be divided into five main groups. 

1. A ‘‘normal’’ group of sixteen afebrile patients receiving penicillin treatment 


asymptomatic neurosyphilis. 
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2. Twenty-two patients convalescent from a variety of acute infectious diseases, in 
cluding seven with pneumonia, four with gonorrheal arthritis, three with typhus fever, 
three with tularemia, two with typhoid fever, two with meningitis, and one with rheumatic 
fever. The vaccine was administered to these patients two or three days after they had 
recovered from their illnesses and had become afebrile. 

3. Twenty patients who had just completed a course of malarial fever therapy for 
neurosyphilis. The test was carried out on the second or third day following the last malarial 
paroxysm. 

t. Fourteen patients with cirrhosis of the liver, 

5. Thirteen patients with jaundice, ten of whom had viral hepatitis, and three of whom 
were thought to have biliary obstruction. All of the patients with liver disease were tested 


at a time when their temperatures had been normal for two or three days. 
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NORMAL INFECTIOUS MALARIA HEPATITIS CIRRHOSIS 
DISEASE 


1.—The febrile response to typhoid vaccine in various disease states. The arrow indi- 
cates the mean response in each group of patients. 


RESULTS 

The febrile responses following injection of typhoid vaccine in the 
ferent groups are shown in Fig. 1. It will be observed that in the ‘‘normal’’ 
jects the range of the fever index varied from 45 to 262, the mean being 
». This quantitative expression of both the height and the duration of 
er indieates a rise of 1.5° F. to 5° F., the temperature returning to normal 
ally within six hours. 

In patients recently convalescent from acute infections, the febrile re- 
nses were comparable to those of the ‘‘normal’’ subjects, the mean value 
the fever index in this group being 148. The four highest values were in 

patients with typhoid fever and two with tularemia. The two patients 
i typhoid fever, the only ones in this study with this condition, exhibited 
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an increased sensitivity to pyrogen, a finding at variance with that of Mor- 
gan’ who reported a decreased febrile response in a larger number of patients 
econvalescing from this illness. One other patient with tularemia showed a 
febrile response similar to that appearing in the normal subjects. 


The twenty patients who had recently recovered from malaria reacted to 


the typhoid vaccine with less fever than the preceding groups, their mean 


fever index being only 63. This finding is similar to that noted by Howard 
in one ease. Comparable observations were made by Habetin,® who found 
that the injection of pyrogenic nuclein, made from yeast, failed to produce 
any febrile response in a few patients with malaria. 

Patients with cirrhosis of the liver showed greater than normal responses, 
the fever indices ranging from 140 to 352, the mean value being 256. 

In the group of thirteen patients with jaundice, twelve showed responses 
within the ‘‘normal’’ range, whereas one with infectious hepatitis had an 
exaggerated febrile response. This person had been ill for approximately four 
months, and liver function tests showed considerable evidence of hepatie in 
sufficiency at the time the test was performed. 


DISCUSSION 


The increased sensitivity to pyrogen observed in patients with chronic 
liver disease may possibly be caused by impaired reticuloendothelial funetion 
in the liver and spleen, or may be related to some metabolic disturbance. 
Patients with cirrhosis have been observed to develop fever following’ the 
intravenous administration of salt-poor albumin.’ There is also a definite im 
pression that certain preparations of albumin produced febrile reactions in 
persons with cirrhosis, but not in patients with hypoalbuminemia due to other 
causes.. The patients in the present study with acute hepatitis or obstructive 
jaundice, however, did not exhibit abnormal responses to typhoid vaccine. Ex 
periments with rabbits in this laboratory have also shown that acute live: 
damage, produced by chloroform, did not lead to abnormal febrile response to 
typhoid pyrogen. 

The diminished response to the pyrogen in patients with malaria ma 
possibly be associated with the great proliferation in reticuloendothelia! 
elements known to oceur in this infection. The stimulation of the reticul: 
endothelial system produced by malarial fever and typhoid vaccine fever thera) 
has been offered as an explanation for their curative effeet in neurosyphil 

The patients in this study with febrile diseases other than malaria cd: 
veloped little if any tolerance to bacterial pyrogen. Morgan,’ however, hi: 
observed that patients convalescent from typhoid and paratyphoid fevers show: 
tolerance to injection of purified extracts of typhoid and dysentery baci! 
whereas the reaction observed in five patients recovering from other febri 
diseases was comparable to that of normal subjects. Bennett found that rabbi 
surviving pneumococeal and colon bacillus infection did not show a diminuti« 


in febrile response to typhoid or colon bacillus pyrogens.° 
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SUMMARY 


The febrile response to typhoid bacterial pyrogen was observed in a group 
eighty-five patients with various diseases. The mean response elicited by 


patients with a variety of infections, such as pneumonia, hepatitis, typhus fever, 


| and tularemia, was the same as that observed in normal individuals. Patients 








with malarial fever, however, appeared to be comparatively resistant to the 
pyrogen. Patients with cirrhosis of the liver exhibited an exaggerated response. 
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THE IN VIVO ACTION OF AUREOMYCIN ON PLEUROPNEUMONIA- 
LIKE ORGANISMS ASSOCIATED WITH VARIOUS RHEUMATIC 
DISEASES 


THomMas McP. Brown, M.D., RurH H. WicHELHAUSEN, M.D., 
» 


LUCILLE B. Rosinson, A.B., AND WILLIAM R. MERCHANT, M.D. 
WASHINGTON, D. C 


HK efficacy of gold compounds in animals experimentally infected with 

animal strains of pleuropneumonia-like organisms has been demonstrated by 
various observers.'° <A strain of Streptobacillus moniliformis recovered from 
the joint fluid of a patient produced arthritis in mice with great regularity 
Arthritis could be prevented by the simultaneous administration of gold and 
the infecting agent, but arthritis once established was unaffected by the use ot 
gold. The transformation of this strain of S, moniliformis into the pleuropneu 
monia-like form was readily demonstrated.’ 

A patient with nonspecific urethritis and prostatitis from whom pleuro 
pneumonia-like organisms were recovered has been treated with Myochrysin« 
without improvement.* Sulfonamides and penicillin have been found ineffective 


both in vitro and in vivo in animal and human infections with these orean 


isms.” § Streptomycin has been observed to have an effect on L organisms 
and has produced a rapid disappearance of symptoms in patients with an asso 
ciated infection due to these organisms.* '° However, pleuropneumonia-like or 
ganisms have been observed to persist in a «ase of nonspecific urethritis follow 


It has been pointed out repeatedly that L organisms 


ing streptomycin therapy. 


may be of significance in human joint diseases but a definite correlation has not 
yet been established. '! 1” 


I OBSERVATIONS 


In the present study, patients with rheumatoid arthritis, from whom ¢1 


tures of prostatic secretion yielded pleuropneumonia-like organisms, were ob 
An effort was made to determine whether or not 


served for one year or more. 
under prolonged gold therapy for the rheumatoid arthritis the organisms could 


be eliminated in vivo in human beings. In all patients of this group, L organ 


isms could be recovered with great regularity in spite of continued gold therap 


and satisfactory clinical remissions. 


In one of these patients, each of fourteen successive prostatie cultures o! 


tained over a period of eighteen months was positive for L organisms. Aft 
thirteen months of gold therapy (10 mg. the first week, 25 me. the second weel 


50 mg. weekly for nineteen weeks; 50 mg. monthly for eight months; tot: 


dosage, 1,385 mg.), myochrysine was discontinued because of toxicity. Thr 
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conclusions drawn by the authors. 
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months after cessation of therapy the rheumatoid arthritis relapsed and aureo- 
mycin*® therapy was instituted. There was a complete disappearance of pleuro- 
pneumonia-like organisms on six successive culture attempts during and follow 
ing aureomyein therapy. 

Disappearance of L organisms from the genital tract under aureomycin 
therapy has been demonstrated in a total of nine patients (three men, six women; 
two cases of erythema nodosum, one of rheumatic fever, five of rheumatoid 





arthritis, one of nonspecific urethritis). In two of the female patients L organ- 
isms reappeared after discontinuation of the drug, indicating either insuf- 
ficient dosage or bacteriostatic rather than bactericidal activity of aureomycin. 
Qne of these patients was re-treated with aureomycin and again prompt elim- 
ination of the organisms was achieved. 

Four patients with nonspecific urethritis have been treated with aureomyein. 
Two of these patients had joint and muscle complaints in addition to the urethri- 
tis. In only one patient cultures of prostatic secretion yielded abundant growth 
of pleuropneumonia-like organisms. There was prompt response to aureomyein 
(2.0 Gm. per day for four days), confirming the observation of Collins and co- 
workers.'’ Complete relief of symptoms occurred after forty-eight hours of 
therapy. Cultures taken thirty-six hours and one, ten, and eleven weeks after 
institution of aureomycin therapy were negative for pleuropneumonia-like or- 
vanisms. In spite of negative cultures the patient had a recurrence of burn- 
ing on urination but no return of urethral discharge. The burning sensation 
has persisted in the absence of further treatment. This observation, a reeur- 
rent clinieal symptom and negative cultures in a patient in whom L organisms 
were demonstrated previously, supports the impression that absence of demon- 
strable L organisms does not rule out the possibility that disease was initiated 
by infection with them. The inability to demonstrate pleuropneumonia-like or- 
vanisms may be due to the inadequacy of the present culture methods. This 
ailure to culture organisms may also parallel the findings in S. moniliformis 
nfections, in which in the later stages of the disease it may be impossible to 

cover the organism although ¢linieal activity persists.’ These speculations 
uuld explain the frequently noted lack of correlation between clinical and 
oratory findings. 

In three of the four patients with nonspecific urethritis, pleuropneumonia- 

‘ organisms could not be demonstrated in repeated cultures prior to aureo- 
cin therapy. One patient was treated for an attack of three months’ dura- 
i which had not improved under penicillin therapy. One gram of aureomyein 
s given daily for seven days. The patient was asymptomatic on the last day 
treatment. Burning on urination recurred two weeks after cessation of 
rapy, and four weeks after discontinuation of aureomycin morning discharge 
s again present. A second course of aureomycin was given consisting of 1 
daily for five days and 2.0 Gm. daily for three weeks. The discharge 
sed after five days of therapy; burning diminished during treatment and 
¢ared completely a few days after cessation of therapy. The patient has re- 
ined asymptomatic during a five-week follow-up period. A second patient 


*We are indebted to the Lederle Laboratories for part of the aureomycin used in this 
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became asymptomatic following forty-eight hours of treatment (1.0 Gm. pet 
day for seven days), but mild burning on urination developed one week after 
aureomycin had been discontinued. This patient has not been re-treated. The 
third patient presented a two-vear history of urethritis. Burning and urethral 
discharge were present at the onset of the disease. After three months of the 
illness the discharge cleared spontaneously, but burning and frequency of urina 
tion persisted with the gradual development of arthralgia, myalgia, and fatigue 
Aureomycin therapy (0.5 Gm. per day for four weeks, 1.0 Gm. per day fon 
ten days) appeared ineffective. However, when the dose of aureomy ein Was 
increased to 2.0 Gm. per day striking improvement was noted. After the patient 
had been on this larger dosage for three weeks, he noted for the first time in 
two vears absence of burning on urination and was completely free of myalgia, 
joint pain, and fatigue. Treatment was continued for a total of ten weeks 
There was no recurrence of symptoms. There has been inadequate time for 
follow-up studies. 

Twenty-five patients representing a variety of rheumatic diseases (rheuma 
toid arthritis, Marie-Striimpell spondylitis, rheumatic fever, ervthema nodosum 
have been treated with aureomyein (Tables IT and I1).'* Cultures from the 
cervix and prostatic secretions yielded pleuropneumonia-like organisms in eight 
of these patients. Cultures were negative for L organisms in seventeen patients 

Subjective and objective improvement was observed in seventeen of these 
twenty-five patients. Two (Patients R. H. and E. V.) were svmptomatieall) 
improved. One case of rheumatie fever (Patient J. T.) could not be evaluated 
because salievlates were given simultaneously. Two patients with Mari 
Striimpell spondylitis (Patients D. T. and L. A. showed no demonstrable im 
provement after five and eight weeks of treatment. One individual with Mari: 
Striimpell spondylitis and peripheral joint involvement (Patient J. B.) exp 
rienced temporary marked symptomatic improvement followed by an acut 


TABLE II. EFFECT oF AUREOMYCIN THERAPY ON RHEUMATIC FEVER AND ERYTHEMA Noposv? 


AUREOMYCIN L ORGANIS 
BI 
DEGREE OF DURATION DURA THERA FORE | AI 
INVOLV] Ok GM. rlON PEUTIC rHER-| TH 
DIAGNOSIS PATIENT | SEX MENT ILLNESS DAY DAYS) |RESPONSE| APY \ 
Rheumatice ie F |Chronie and} 14 yr. 2.0 17 ? ( 
fever acute, 
severe 
5; P. F |Chronie and| 7 yr. 0.79 15 Good 
acute, 
severe 
P. W. M Acute, i-9f. 2.0 10 Good 0) 
severe 
Erythema no C. M. F |Acute, 2 mo. 2.0 a) Good t 0) 
dosum with severe 1.0 1] 
fever and 
joint in 
volvement 
Ervthema no N.C. F |Acute, 2 mo. 0.5 5 Good { () 
dosum with severe 1.0 20 


fever 


Minus sign denotes that the determination was not made. 
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exacerbation of the disease. Two persons (Patients F. W. and J. Y.) with 
rheumatoid arthritis did not improve. It may be of significance (Table I) that 
the aureomyein blood serum levels were uniformly low in those patients in 
whom little or no clinical improvement was noted. 

The relation between dosage of aureomyecin, aureomycin blood serum levels, 
temporary or permanent elimination of L, organisms, and clinical response will 
require further study. Disappearance of I, organisms in the patients with 
positive cultures was more rapid than the clinical improvement noted in any 
single case with the dosage of aureomyecin and the route of administration em- 
ploved. In one ease of erythema nodosum, as little as 0.25 Gm. of aureomyein 
daily was all that was necessary to eliminate pleuropneumonia-like organisms 
from the cervix. In this ease, 1.0 Gm. per day of the antibiotic was required 
to produce a favorable clinical response. One patient in whom L organisms 
disappeared promptly failed to show clinical response. The patients with nega- 
tive cultures for L organisms responded as well as those from whom the organ- 
isms could be recovered. 

There was an initial exacerbation of the illness in a number of cases of 
rheumatoid arthritis and Marie-Striimpell spondylitis comparable with that fre- 
quently observed by us in rheumatoid arthritis treated with gold. This exacer- 
bation of muscle and joint symptoms varied in intensity and duration, but uni- 
formly disappeared under continued therapy. Two patients who had fever 
prior to therapy developed an initial, transient, additional rise in temperature 
on 2.0 Gm. of aureomyein daily. The three other febrile patients in the rheu- 
matie fever-erythema nodosum group, in whom aureomycin did not exceed 1.0 
(im. per day, did not have this additional febrile response. 

It was observed early in the course of this study that some patients who 
‘ailed to improve on 1 Gm. of aureomyein daily responded favorably when the 
losage was increased to 2.0 Gm. per day. Therefore, the 2 Gm. dose was 

leeted whenever the patient could tolerate this amount. In most patients im- 

rovement was noted one to four weeks after initiation of therapy and econ- 

nued in a manner comparable to that observed with successful gold therapy 
rheumatoid arthritis. The high incidence of favorable response to aureomyein 
reested an effect which was more than a coincidental finding. Aureomyein 
rapy may not be suitable in cases of rheumatic fever because of the initial 
cerbation of symptoms noted. Smaller initial doses than those employed in 
present study may eliminate this exacerbation. 

Kuzell® has reported that the effect of aureomycin was similar to that of 

| in the control of rat arthritis experimentally produced with the L, strain. 


} 


wn'® has noted the effect of aureomyvein in human beines with rheumatie 
ases. It would appear that aureomycin and undoubtedly other antibioties 
| a similar effect on L organisms may assume an essential role in the under- 
ding of the relationship of pleuropneumonia-like organisms to rheumatie 
ises. Preliminary studies indicate that the effect of chloromycetin may be 
parable to that of aureomycin. In one female patient with severe, pro- 
sive rheumatoid arthritis, repeated cervical cultures were done before and 





1410 BROWN, WICHELHAUSEN, ROBINSON, AND MERCHANT 


after administration of 1.0 Gm. of chloromycetin daily. Prompt elimination of 
I, organisms was achieved. There was an exacerbation of symptoms followed 
by rapid major clinical improvement within three weeks. 
SUMMARY 

1. Oral administration of aureomyein has produced uniform disappearance 
of demonstrable pleuropneumonia-like organisms from the genitourinary tract 
of individuals with and without joint disease. 1. organisms were not eliminated 
by gold therapy. 


2. Elimination of L organisms by aureomyein or by other antibioties pro- 


ducing a similar effect may be of importance in the understanding of the possible 


relationship of pleuropneumonia-like organisms to articular diseases. 

3. The effect of aureomycin therapy in twenty-five cases of rheumatic dis 
ease has been reported. 

4. The ultimate value of aureomyein in the treatment of rheumatic diseases 
must await prolonged clinical trial and follow-up study. 


We are indebted to Dr. W. D. Jarman for permitting the use of his case in this study 
one case of nonspecific urethritis 
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RAYMOND RANDALL, D.V.M.,* PsycHre W. WeEtTMorE, B.A., AND 
ALBERT R. WARNER, JR. 
WASHINGTON, D. C 


|' IS recognized that in the majority of eases of human and animal lepto- 
spirosis a diagnosis cannot be made without recourse to one or more labora- 
tory procedures. 

Leptospirae can be demonstrated by dark-field microscopic examination of 
the blood during the septicemic stage of the disease, which usually lasts for 
seven days. Also at this time inoculation of voung hamsters with whole blood 
from patients infected with Leptospira icterohaemorrhagiae and Lept. canicola 
venerally results in a fatal leptospirosis in the test animal.' The leptospirae 
disappear from the patient’s blood stream during the second week and then 
appear in the urine. Agelutinins, lysins, and complement-fixing antibodies 
usually begin to appear in the patient’s serum toward the end of the first week 
and are present in readily measurable amounts about the twelfth to fourteenth 
day after the onset of illness. The maximum titer is reached within three to 
four weeks and in most instances antibodies are detectable for several months 
to vears. 

The tests most frequently used for the demonstration of antibodies in the 
patients serum are the macroscopic? and microscopic agglutination® and agelu- 
tination-lvsis tests. These procedures require personnel properly trained in the 
techniques and necessitate the maintenance of suitable cultures of leptospirae. 
lor this reason their use is limited to only a few laboratories. 

Because a simple and reliable diagnostic test for leptospirosis was not 
available, a study was undertaken to develop an antigen for use in a comple- 

nt fixation test that could be performed in any laboratory conducting the 
Wassermann or similar complement fixation tests. In the past, the complement 
ition test for the diagnosis of leptospirosis has received little attention, ap- 
rently because of the difficulty of preparing suitable antigens. Pot and 
rmiekx® and Boerner and Lukens® have reported on two different methods 
reparing antigens for use in the complement fixation test for the diagnosis 
Weil’s disease. However, Borgen concludes that the lack of agreement 
veen the agglutination reactions and the complement fixation test is due 
sources of error in technique or to unstable or inefficient antigens. Where 
utilized antigens prepared by present available methods our results also 
heen unsatisfactory. Therefore, experiments were undertaken to produce 
table antigen and it was found that leptospirae ruptured by sonie vibration 
led an antigen of considerable specificity and sensitivity. 
From the Veterinary Division. Army Medical Department Research and Graduate School, 


Medical Center, Washington 12, D. ¢ 


> 


Received for publication, July 28, 1949. 
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MATERIALS AND METHODS 


Preparation of Antigen. Although there are sixteen serologically recognized species 
of leptospira, only two, Lept. icterohaemorrhagiae and Lept. canicola, are known to infect 
human beings and dogs in the United States; therefore, antigens were prepared from these 
two species. Antigens were prepared from strains of Lepi. icterohaemorrhagiae and Lept. 
canicola isolated in this laboratory from young hamsters inoculated with whole blood from 
naturally infected dogs.1 Erlenmeyer flasks of 250 ml. capacity containing 50 ml. amounts 
}-day-old culture of leptospira and 


of Stuart’s mediums’ were inoculated with 5.0 ml. of ¢ 
incubated at 29 to 30° C. for six days. At the end of this period 0.05 ml. of formalin was 
added to each flask and the cultures were held at 29 to 30° C. for an additional twenty-four 
hours. The killed cultures were transferred in 50 ml. amounts to plastic tubes and centri 
fuged at 17,000 r.p.m. for fifteen minutes in an International Model PR-1 refrigerated centri 
fuge maintained at 0 to 3° C. The supernatant fluid was decanted and the packed lepto 
spirae were collected and washed three times with 0.85 per cent saline solution buffered at 
pH 7.0. The washed organisms were then resuspended in buffered saline solution to one-tent! 
of the original volume of the culture medium. Twenty milliliter aliquots of the concentrated 
suspension of the leptospirae were exposed to sonic vibration at 9,400 cycles per secon 
for ten minutes in a water-cooled Raytheon Type R-22-3 magnetostriction oscillator main 
tained at 100 volts. The material was then pooled and Merthiolate added to 1:1,000 final 
concentration to constitute the species specific stock antigens. Antigens refrigerated at 4° ¢ 
have remained stable and specific for at least six months. 

Complement Fixation Tests.—The complement fixation technique used at the Army 
Medical Department Research and Graduate School is employed. 

Complement Titrations.—The 1:30 dilution of complement is titrated to determine thi 
unit and two full units contained in a 0.5 ml. volume are used for the test. (For example, 
if hemolysis is just complete in the tube containing 0.14 ml. of complement, then 0.16 ml 
is taken as the unit. 

Antigen Titrations.—Titrations have shown the optimum dilution of the stock antigens 
to be 1:15, with the unit ranging from 0.02 to 0.05 ml. of this dilution. Three exact units 
of antigen contained in a 0.25 ml. volume are employed. 

Inactivation of Sera—Human sera are inactivated at 56° C. for twenty minutes, dog 
and rabbit sera at 62 to 63° C. for forty minutes in a dilution of 1:1. In the routine test, 
0.25 ml. of twofold dilutions, from 1:1 through 1:52 and in a quantitative test 1:1 throug 
1:1,.280, of the inactivated serum is used. 

The Test.—To 0.25 ml. amounts of the sera dilutions three units of antigen and tw 
full units of complement are added. The tubes are refrigerated at 4 to 6° C. for sixteer 
to eighteen hours. On removal, the tubes are left at room temperature for fifteen to twent 
minutes and 0.5 ml. of sensitized cells consisting of 0.25 ml. of a 3 per cent suspension 0 
sheep cells and 0.25 ml. of amboceptor containing three units is added. The tubes 


incubated at 38° C. for thirty minutes in the water bath and the test is read. 


Controls.—The usual hemolytic and positive and negative control sera are set up. 


RESULTS 


Parallel complement fixation and microscopic agglutination tests were mad: 
on three groups of human sera. Group I consisted of twenty-five random seru! 
specimens submitted to this laboratory from a wide variety of disease process« 
other than proved cases of Weil’s disease. Group II ineluded ten sera fron 
syphilitic patients giving positive Wassermann reactions. Group LIT inelude 
sera from twenty-one proved cases of Weil’s disease. In none of the randon 
specimens in Group I were either complement-fixing or agglutinating antibodie 
against either leptospira antigen detected. 
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All of the ten positive Wassermann sera of Group II likewise failed to 
react with leptospira antigens in either type of test. 

On the other hand, definite antibody responses were elicited in all of the 
sera of patients diagnosed as having Weil’s disease (Group IIT). Two examples 


are shown in Table I. 


TABLE I. THE OCCURRENCE OF COMPLEMENT FIXATION AND AGGLUTINATION ANTIBODY IN 
Two CASES OF HUMAN LEPTOSPIROSIS 


riftER OF COMPLEMENT MITER OF MICROSCOPI 
FIXATION TEST AGGLUTINATION TES1 
LEPT, ICTERO LEPT. ICTERO 
DAYS SINCH LEPT. HAEMOR LEPT. HAEMOK 
ERUM FROM ONSET OF CANICOLA RHAGLAI CANICOLA RHAGIAI 
CASI DISEASE ANTIGEN ANTIGEN ANTIGEN ANTIGEN 
l > Ld Les 0) 0 
l 28 1:128 Le788 1: 10,000 1:1,000 
9 6 1:16 1:16 0 0 
2 17 aS 4 Lives L310 1:500 
Z 12 1:64 1:128 1:100 1:1,000 


(‘ase 1 was a patient whose first svmptoms of illness were general malaise, 
headache, conjunctival injection, and pyrexia. Five days after onset, the serum 
showed a complement fixation titer of 1:8 against both Lept. canicola and Lept. 
iclcrohdemorrhagiae antigens. Another specimen of serum obtained on the 
twenty-eighth day of illness showed a rise in complement fixation titer to 1:128 
against both antigens. The microscopic agglutination test on the first specimen 
was negative while the second specimen reacted with Lept. canicola and Lept. 
icterohaemorrhagiae antigens at 1:10,000 and 1:1,000 dilutions respectively. 

Case 2 was that of an attendant in a small animal hospital who developed 
eeneral malaise, chills, and fever. His serum fixed complement with both lep- 
tospira antigens at a dilution of 1:16 on the sixth day of reported illness. By 
the seventeenth day the titer against both antigens had risen to 1:64 and on the 
forty-second day the complement fixation titer against Lept. canicola was 1:64 
and that against Lept. icterohaemorrhagiae 1:128. Parallel studies with the 
microscopic agglutination technique showed negative results on the first specimen 
of serum, while the second reacted with Lept. canicola at 1:10 and Lept. ictero- 
hacmorrhagiae at 1:300. The third serum specimen had a positive agglutina- 
tion titer of 1:100 for Lept. canicola and 1:1,000 for Lept. icterohaemorrhagiae. 
These observations suggest that antibody formation in leptospirosis may be 
deicctable by the complement fixation test before it is demonstrable by the 
microscopic agglutination test. 

Nineteen of the sera in Group IIL from human cases of leptospirosis oceur- 
ring in the Far East were obtained through the courtesy of Dr. Pierre Lepine 
of ‘he Pasteur Institute. These cases had been diagnosed at point of origin by 
use of the agglutination-lysis test. Unfortunately, serial specimens were not 
obisined for comparative studies, but the positive findings obtained on single 
specimens, as shown in Table II, were ‘in accord with the comparative results 
of ‘1e complement fixation and microscopic agglutination tests noted in Table 











































TABLE II. A COMPARISON OF Till 
AGGLUTINATION TESTS WITH 


SERUM DIAGNOSIS 
l Ictero 

2 Ictero 

o lctero 

{ Grippotyphosa 

letero—traces 

5 letero 

6 Ictero 

7 letero 

Ss letero 

Y Icetero 

10 Ictero 

1] Grippotvphosa 

12 Ictero 

13 letero 

14 Grippotyphosa 

15 Ictero—doubtful 
16 Grippoty phosa—doubt ful 
17 letero 

18 letero—traces 

Grippotyphosa traces 

19 letero 
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RESULTS OF COMPLEMENT 


SERA From Ht 


rITER OF 
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WARNER, 


MAN CASES 


COMPLEMEN' 


FIXATION TESTS 


SONI 
AN 


LEPT, 
CANICOLA 
ANTIGEN 
1:32 
1:16 
1:32 


Ictero, Lept. icterohaemorrhagiae. 


Grippotyphosa, Lept. grippotyph: 

*These sera were from cases of ] 
nosed as the result of agglutination- 
accompanied each specimen, no history 
aN tilable. 


Vibrated and nonvibrated 


eptospirosis oes 
lysis tests. Wh 


of the cases or 


fractions of 


VIBRATED 
IGENS ) 
LEPT, 
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It was found that the 


vibrated preparations were approximately three times more sensitive than the 


nonvibrated preparations. 


DISCUSSION 


Our results indicate that there is a parallelism between the strength of the 


complement fixing antibody and 


agelutinins. 


It should be pointed out that th 


indicated dilutions of the patient's serum in the complement fixation test should 


be multiplied by six to be comparable with the serum dilution in the ageluti: 


tion test. 


Although the complement fixation test employing antigens disintegrated | 


sonic vibrations does not readily differentiate Lept. canicola from Lept. ict 


haemorrhagiae infections, it does demonstrate readily whether or not either 


these two types of leptospirosis 1 


Ss present. Sera giving positive reactions to 1 


Wassermann tests and other diverse disease processes fail to react in the sal 


manner as sera from proved eases of leptospirosis. If 


further differentiat! 


is required, the exact species can be determined by agglutination and abso 


tion tests. 
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A complement fixation test for the diagnosis of leptospirosis (Weil's clisease 


utilizing antigens obtained from sonic-vibrated leptospirae has been deseribed. 


Sera from human eases of leptospirosis caused by Lept. icterohaemorrhagiae 


hagie antigens to titers regarded as specifie for leptospirosis. 


and Lept. grippotyphosa reacted with Lept. canicola and Lept. icterohaemor- 


The specificity of the complement fixation test for the two species of lep- 


tospirae occurring in the United States has been demonstrated. 


¢ 


The value of this complement fixation as a simple routine laboratory pro- 


edure for the diagnosis of leptospirosis is discussed. 


It appears that comple- 


ment-fixing antibody might be detectable before agglutinins could be demon- 


S 


\ 


Li. 





2. Gardner, A. 


3. Gardner, A. 


trated. 


We wish to thank Major F. D. Maurer and First Lieutenant T. S. Grafton 
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EXPERIMENTAL VASCULAR DISEASES DUE TO DESOXYCORTICO 
STERONE ACETATE AND ANTERIOR PITUITARY EXTRACT 





I. COMPARISON OF FUNCTIONAL CHANGES 


GEORGES M. C. Masson, Pu.D., A. C. Corcoran, M.D., AND IRVINE H. Pacer, M.D 
(CLEVELAND, OHIO 


| gece of erude anterior pituitary preparations elicit: in rats mo 
phologie and physiologie changes similar to those caused by desoxyveorticos 
terone acetate (Selye, 1944). Hence Selye (1944) has suggested that the 
pathogenesis of hypertension, nephrosclerosis, periarteritis nodosa, and cer 
tain myocardial lesions ean best be explained on the basis of pituitary-adrena 


activities. The postulated chain of events would be: stress — anterio: 





pituitary (ACTH) — adrenal cortex (desoxycorticosterone-like compounds 





— kidney, blood vessels, heart. The posited identification of the effects of 





anterior pituitary preparations with those of desoxyeorticosterone acetate 
is lacking in detail. Thus hypertension was estimated either from heart 
weight (Selye and Stone, 1946) or from single direct measurements ot carotid 
arterial pressure (Dontigny, Hay, Prado, and Selye, 1948 

As part of a more definitive comparison, the present report embodies a 





survey of the functional effects of anterior pituitary preparations and desoxy- 
corticosterone acetate accomplished by serial measurements of arterial pres 
sure and water diuresis in groups of animals treated with these substances 
singly or in combination. Diuresis as well as blood pressure was a major 
criterion in the comparison because of the well-known diuretic effect 0! 


desoxyeorticosterone. Organ weights also were measured and compared. 


I, EFFECTS OF CRUDE ANTERIOR PITUITARY PREPARATION AND 
DESOXYCORTICOSTERONE ACETATE 

Experimental. 

Sprague-Dawley female albino rats were fed a high protein diet (75 per cent Pu 
fox chow plus 25 per cent casein) and given 1 per cent saline solution as drinking water 
Further ‘‘sensitization’’ (Selye, Stone, Nielsen, and Leblond, 1945) to the hormones 
effected by unilateral nephrectomy. Rats were divided into four groups: Group I ser 
as control; Group II received 2.5 mg. of desoxycorticosterone acetate (DOCA) a day; Gri 
IIT, 30 mg. of a suspension of anterior pituitary powder (APP); Group IV, a combi 
treatment of DOCA and APP at the same dosage levels as in Groups II and IIT respective 
Group IV was added in order to see whether the two hormonal preparations would act 
ditively or synergistically. 

The steroid was suspended in water in a concentration of 10 mg. per cubie centime 
The anterior pituitary powder, prepared by lyophilization of cattle glands, was suspende 
a concentration of 50 mg. per cubic centimeter in 1 per cent saline containing 10 per cent 
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alcohol and filtered through gauze. The solution was kept in the icebox and made up weekly. 
Injections were begun immediately after unilateral nephrectomy. The animals were placed 
in metabolism cages in order to measure diuresis. 

Blood pressure was measured by the plethysmographic method of Williams, Harrison, 
and -Grollman (1939) as modified by Kempf and Page (1942). Each value reeorded is an 
average of two to three close consecutive readings, Reproducible results are obtained in 
nonanesthetized rats under the following conditions. (1) Animals are kept constantly at 
a temperature of about 30° C.; (2) at the time of the determination, each rat is placed 


in a constant temperature (40° ©.) box for a period of three minutes; and (3) the tail is 


DIURESIS 





120 














Controls ---- Anterior Pituitory— DOCA——— 


1.—Effect of desoxycorticosterone acetate and anterior pituitary preparations on urine 
formation. 


pressed and emptied of blood in the plethysmograph just prior to increasing pressure in 
13 


the air cuff. From repeated observations on 132 rais, blood pressure was found to vary from 
70 to 130 mm. Hg (average 99) with 68 per cent of the animals in the 90 to 110 mm. Hg 


range. Some of these measurements were compared with those of an electrically recording 


iysmograph (Olmsted, Corcoran, Glasser, and Page, 1948) from time to time, as a further 


Unless otherwise stated, animals were sacrificed on the sixty-first day and autopsied: 
kidney, ovaries, and adrenals were weighed and sectioned for histologic studies after 
fixation in Zenker’s solution. These detailed histologic observations will be the subject of 


ier paper. 


Results.- 
Observations summarized in Figs. 1 and 2 and in Table I are averages of 
series of experiments in which the mean initial body weights of the rats were 
ectively 103 and 219 grams. Results were the same in the two series, so 
they are reported jointly. Weights of heart and adrenals are expressed 
in ‘nilligrams per 100 grams of body weight and kidney weights in milligrams 
«: 100 sq. em. of body surface. The body surface was ealeulated according to 
S.A. = Wt. 0.66 x 11.23. 


ormula: 
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TABLE I. Errects OF DESOXYCORTICOSTERONE ACETATE (DOCA) AND ANTERIOR PITUITARY 
PREPARATION (APP) ALONE OR IN COMBINATION 


MEAN BODY HEART ADRENALS KIDNEY 
NUMBER WEIGHT (MG./100 GM. (MG./100 GM. (MG./100 ¢M.2 
GROUP OF RATS CHANGES BODY WEIGHT) | BODY WEIGHT) | BODY SURFACE 
I, Control 21 13 310 (270-370) 27 (23-30) 315 (286-343) _ 
IT, DOCA 20 17 125 (380-480 30° (21-37) 513 (426-573) 
IIT, APP 32 17 102 (250-540 77 (40-99) 515 (328-675) 
IV, DOCA + APP 17 15 505 (3852-608 64 (38-83 587 (318-683 


Growth: As seen from Table I, all animals gained weight except those ot 
Group IV which received combined treatment with DOCA and APP. In this 
eroup, weight loss was noticetable from the beginning of the experiment; the 
rats became shabby and asthenie, lost interest in food, and began to die around 
the twenty-first day, so that this experiment had to be terminated on the twenty 
ninth day. This effect is surprising because DOCA alone produced a slight 
inhibition and APP a stimulation of growth. Presumably as a result of anti 
hormone formation, the growth hormone effect of APP was much more evident 
around the twenty-fifth day than on the sixty-first day. 

Diuresis: Eaeh point on the curves of Fig. 1 represents an average of 
collections during a period of five days, so that individual variations are 
eliminated and the curves accurately portray the trend in each group. The 
increase in diuresis in Group II (DOCA) appears very early and reaches a 
maximum around the thirty-fifth day. There is no difference in diuresis be 
tween control and APP groups; urine formation in both increases slowly but 
regularly during thirty-five davs and then levels off. It is interesting to note 
that maximum diuresis is reached at the same time as in the DOCA group. 
Quantitatively, the curve of Group II contrasts markedly with those of Groups 


Il and III. 


Blood Pressure: Mean blood pressures with individual extremes for Groups 
I, If, and III are represented graphically in Fig. 2. Blood pressure in the 
controls was stable during the first six days, after which the trend was variably 
and slightly upward. The DOCA group showed a definite rise in pressure 
after the tenth day which reached a maximum at about the twenty-fifth day, 
at which level it persisted. It is to be noted that a// the animals in this group 
became hypertensive. In the APP group, the shape of the curve was more | 
regular; because of the small proportion of hypertensive animals, it never 
reached values as high as in the preceding group. Only nine rats out of thirt 
two in Group III had pressures higher than 150 mm. He, and out of these ni 
the two most hypertensive showed pressures of 190 and 195 mm. Hg respective 
These last two rats died on the fortieth day; this accounts in part for the « 


crease in pressure mean after this time. In this group, pressures in so! 
animals were always within the normal range. This contrasts with what « 
curred in the DOCA group. 

We have not graphed here the blood pressures of Group IV (DOCA and 
APP) because this experiment terminated on the twenty-ninth day. Also, 1 


curve did not differ significantly from that of Group Hl. The mean blo: 
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pressures were: day 0, 93 mm. Hg; day 6, 115; day 12, 140; day 17, 147; and 
day 29, 161. Thus the combined treatment had no more effect on blood pressur 
than DOCA alone. 


Organ Weights: Heart weight was greater in all experimental groups thar 





in the controls, but did not have any consistent relationship to blood pres 
sure levels. Thus mean heart weights in Groups II and IIT were the same, al 
though the terminal blood pressure averages were, respectively, 190 and 127 
mm. Hg. Similarly, kidneys were heavier in the experimental than in th 
control groups, although growth hormone was administered to Group III 
only. Adrenal weights were increased in Groups Ill and TV but wichanged 
in Group II. The absence of atrophy in Group Il was probably due to the 
low dose of DOCA administered. The adrenal stimulation in Group IIL is 
consistent with a relationship between adrenocortical activity and high blood 
pressure; indeed, it was noticed that the animals presenting the most hyper 
tension were those with the heaviest adrenals. However, closer examination 
of these glands frequently revealed hemorrhages and necrosis. 

Summary. 

From these experiments we see: (1) with regard to blood pressure, that 
the effects of DOCA and APP differ significantly in that hypertension is more 
severe and much more consistent with DOCA than with APP, (2) concerning 
diuresis, the expected increase is observed with DOCA; administration of APP 
does not have this effeet, (3) that combined treatment with APP and DOC A 
has no additive or synergistic effect and is in fact rapidly lethal. From this 
it seems that the mechanisms of the action of DOCA and APP are basically 
different. However, before coneluding, the effects of APP must be examined 
in more detail. 


II, EFFECTS OF PARTIALLY PURIFIED ANTERIOR PITUITARY EXTRACT 


With APP, the maximum rise in mean blood pressure was obtained around 
the twenty-fifth to the fortieth day and was followed by a decline. Also, a 
certain degree of resistance and adaptation occurred, evidenced by a decrease 
in body growth and ovarian weight, toward the end of the experiment. Ther 
fore, it seemed possible that the effects of APP might have been altered by thie 
action of antihormones. To evaluate this possibility, the following experime 
was devised in which rats were given progressively increasing doses of pit 
itary hormones. 


Experimental. 

Female albino rats weighing between 106 and 138 grams (average, 124 grams) wv 
fed a high protein, high sodium diet and were partially nephrectomized. Thirty-six anin 
were divided equally into three groups: Group I served as control; Group IT received 
eutaneously the suspension of anterior pituitary powder (APP); Group IIT received an 
kaline anterior pituitary extract (APE). This last group was added in order to test the hy] 
tensive properties of a partially purified anterior pituitary extract, since it has been ciail 
(Hay and Seguin, 1946) that such preparations cause less kidney damage than crude APP 

This extract was prepared by bringing a water suspension of lyophilized anterior p 
itary powder to pH 9 with dilute NaOH. The mixture stood overnight at 10° C.; if 
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centrifuged, the precipitate discarded, and the pH of the supernatant adjusted to 7 with 
dilute acetic acid. The volume of this solution was adjusted so that 1 ¢.c. contained the 
equivalent of 80 mg. of the dry powder. 

Animals of Groups IT and IIT received during the first thirteen days a daily dose of 
20 mg. of powder or its equivalent in extract in two injections; the dose was raised to 40 
mg. or equivalent until the twenty-third day, and to 60 mg. until the fiftieth day of the ex 


periment, at which time the animals were sacrificed and autopsied. 


Results. 

Effects on blood pressure are summarized in ig. 3. In the control group 
again, the blood pressure had a tendeney to increase slightly during the 
thirteen days and then to remain relatively stationary. This confirms the 
observation of Grollman (1946) who noticed a rise in blood pressure following 
unilateral nephrectomy and administration of NaCl. The blood pressure 
curves of Groups IT and III do not differ significantly ; as in the former series 
with APP, the pressure rose rapidly during the first fifteen to twenty days, 
then tended to level off. In contrast to our former series with APP, all of 
the animals showed some increase in pressure, although many were no higher 
than in the control group. There were few animals with pressures higher than 
150 mm. Hg; of these there were two rats in Group IT (154 and 176 mm. Hg) 
and three rats in Group IIT (150, 185, and 186 mm. He). 

Organ weights are summarized in Table IT. In accordance with the hy- 
pothesis that antihormone activity might be overcome by increasing doses of 
hormones, a sustained stimulation of body growth persisted to the end of the 
experiment, with no difference between Groups II and III. Heart weights 
were not significantly different in the three groups. Kidneys were heaviest in 
firoup If and heavier in Group IIT than in Group I.) Stimulation of adrenal 
erowth oceurred only in Group II. 


TABLE IT. COMPARATIVE EFFECTS OF CRUDE (APP) AND PARTIALLY PURIFIED (APE 
ANTERIOR PITUITARY PREPARATION 


HEART | ADRENALS | KIDNEY 
BODY WEIGHT (ma./100 GM. (mMaG./100 aM. | (Ma@./100 cMm.2 
GROUP INITIAT FINAL BODY WEIGHT ) BODY WEIGHT ) BODY SURFACE 
Control 27 183 320 23 290 
(120-136) (155-225) (284-405) 20-26 (202-358) 
APP 123 237 330 33 156 
(106-138) (228-245) (289-428) (26-46 (293-671 
[, APE 124 239 346 25 384 
118-138 (210-280) (312-428) 18-40 297-665) 


The lack of adrenal stimulation in Group IIL (APE) ean be explained 
tly by the removal of impurities from the original powder which would 
as nonspecific damaging agents in Group II. The difference in the con- 
toot in impurities between APP and APE was evident at autopsy: abscesses 
) subeutaneous tissues were present only in APP-treated rats. Further, the 


ively low content in adrenocorticotrophin of beef pituitary is well known. 
1 comparative adrenal weights and blood pressures in Groups IT and II] 
a clear dissociation of these functions. I'urthermore, increased adrenal 


T. 


W it does not imply inereased funetion, since the adrenals weighing more 


100 mg. were very often hemorrhagie or necrotic. 
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Summary. 

These facts demonstrate a lack of relationsh:> between adrenal growth 
and blood pressure level which contrasts with observations in animals given 
erude APP. It follows that the effects on blood pressure of APP may not be 
wholly the result of adrenal stimulation. Rather, with crude APP the changes 


in blood pressure and adrenals although coneurrent may be unrelated. 


DISCUSSION 


Hypertension following DOCA treatment has been observed in rats 
Selve, Hall, and Rowley, 1945; Green, 1948; Friedman, Polley, and Fried- 
man, 1948). While Knowlton and co-workers (1946) have reported normal 
blood pressure in rats treated for ten weeks with 2.5 mg. of DOCA daily and 
given 0.2 per cent saline solution as drinking water, this apparent inactivity 
ean be attributed to an insufficient supply of sodium. In our experiments, 
the same amount of DOCA plus 1 per cent saline solution uniformly produced 
severe hypertension within a period of three weeks. Actually, the amount of 
DOCA utilized was less than 2.5 mg., for, at autopsy, small deposits of erystal- 
line material were still visible at the sites of injections. Hypertension can 
therefore be elicited by DOCA as long as the animals are given a high sodium 
diet, 

Injections of anterior pituitary preparations stimulate physiologic body 
and organ growth when given in conjunction with a normal diet (Selye and 
associates, 1945); however, pathologie changes (hyalinization and enlarge- 
ment of glomeruli, hyaline casts, arteriolonecrosis) occur if the animals are 
partially nephrectomized and maintained on a high protein and sodium diet 
Selve, 1944). The latter changes are accompanied by a rise in blood pressure 

hich in our experience seldom reaches the levels obtained following DOCA 
treatment, experimental perinephritis (Page, 1939), compression of the renal 
tery (Wilson and Byrom, 1941), or partial renal infaretion (Loomis, 1946). 
Severe pathologic changes and hypertension are seen only in some of the ex- 
imental animals, even though large doses are given to all. This is not in 
cord with the known dose-responses of either steroid or protein hormones. 
The question arises: Are the pathologic effects of anterior pituitary hor- 
nes truly hormonal or do they represent nonspecific effects of foreign pro- 
sor some combination of these actions? 

Selye (1944) postulated from observations in rats that anterior pitu- 

preparations aet through the adrenals by releasing DOCA-like com- 

nds. However, a variety of obser itions made in rats tends to negate this 
(1) Recent studies indicate that it is the zona glomerulosa and not the 

eortex as a whole which supplies the body with DOCA-like compounds 
ason, 1943; Greep and Deane, 1947). (2) The zona glomerulosa does not 


phy following hypophysectomy (Smith, 1950). (5) The activity of the 
#nerulosa depends in part at least on the Na/K ratio of the blood (Deane, 
> _ and Greep, 1948; Nichols, 1948). (4) Anterior pituitary preparations 


stress stimulate the inner zone of the adrenocortex which is considered 
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to be the site of production ot olucocorticosteroids (Swann, 19-40: Nichols, 
1948). (5) There is no proof that glucocorticosteroids have blood pressure 


raising properties in normal animals. (6) Adrenocorticotrophin and adreno- 


cortical extract tend to decrease blood pressure in hypertensive rats (Cor- 
eoran, 1948). Finally, (7) our present observations show a lack of similarity 
between DOCA- and APP-induced hypertension and a dissociation between 
adrenal weight and blood pressure level in rats given APE. 

Thus we recognize and confirm but cannot fully explain the hypertension 
caused by DOCA in rats. That this may be a renal hypertension is suggested 


hy its consistent association with renal lesions. We also confirm the fact 


that hypertension can be produeed in rats by injections of APP. However, the 


view that this hypertension is caused by excessive secretion of DOCA-like 
compounds from the adrenal is not supported by our data. As to its mech 
anism, we again point to its association with renal lesions. 

The factors whieh produce these lesions are probably multiple. In the 
rat, conditions such as high protein diets which greatly increase the rena! 
functional load can result in morphologic lesions (Blatherwick and Medlar, 
1937). The renal lesions caused by APP can thus be attributed to the com 
bined effeet of a diet rich in protein and sodium, which places a great fune 
tional demand on the kidney, and hormonal factors which stimulate renal 
growth (growth hormone, thyrotrophin, possibly a nephrotrophin*) (Selye, 
stone, Nielsen, nad Leblond, 1945; White, Hleinbecker, and Rolf, 1949). I 
it ean be accepted that a cell does not function effectively during mitotic 
fission, it is clear that these superimposed factors will result in a relative 
renal insufficiency. And, under other conditions of renal insufficiency, such 
as subtotal nephrectomy (Chanutin and Ludwig, 1939; Addis, Barrett, Lew, 
Poo, and Yuen, 1946) or serum nephritis (Smadel and Farr, 1939), high pro 
tein diets are known rapidly to precipitate morphologie regression, Another 
mechanism of renal damage may be the foreign proteins contained in the pitu 
itary preparations, since injections of proteins are known to eause dege! 
erative renal lesions in rodents (Masugi and Sato, 1934; Oberling, 1943). 


SUMMARY 





AND CONCLUSIONS 


1. Desoxycorticosterone acetate (DOCA) and anterior pituitary prepa 
tion (APP) were tested in unilaterally nephrectomized female rats fed a hig 
protein and a high sodium diet. 

2. DOCA (2.5 mg. a day) elicited hypertension in all animals; APP hi: 
this effect in only a relatively small proportion of animals tested. Combin« 
treatment with DOCA and APP had no more effect on blood pressure th 
DOCA alone; rather, the animals rapidly sickened and died. 

3. DOCA caused severe diuresis, while control and APP-treated grou 
showed only a slight increase in urine formation at the beginning of the « 
periment. 





*We suggest this term as etymologically preferable to the term ‘renotrophin.” 
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4. In rats treated with crude APP there is an association between hyper- 
tension and inereased adrenal weights. But these large adrenals are often 
hemorrhagic or necrotic. The relationship of adrenal weight to blood pres- 
sure disappears when animals are treated with a partially purified APP ex- 
tract. 

0. The hypothesis that APP hypertension in rats depends on hyperseecre- 
tion of DOCA-like compounds thus appears unlikely. 


The authors are indebted to Dr. E. Henderson of the Schering Corporation, Bloomfield, 
N. J., for the desoxycorticosterone acetate used in this study. 

The lyophilized pituitary powder was obtained from Desbergers Laboratories, Montreal, 
Canada. 


Our thanks also to Miss L. Hunter for technical assistance. 
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RETROGRESSION OF ATHEROSCLEROTIC LESIONS ON CESSATION 
OF CHOLESTEROL FEEDING IN THE CHICK 


Lous Horuick, M.D.,* anp Louis N. Katz, M.D. 
CnicaGco, ILL. 


ESPITE the multitude of experiments in which cholesterol has been fed 
D to many species in order to induce atherosclerosis, little is actually known 
concerning the natural history of the lesions so produced. The observations 
recorded in the literature are few and fragmentary,’ based on small groups 
and in some instances on individual animals. In view of the large volume of 
work in the field of experimental atherosclerosis, the need for a standard 
base line for comparison is imperative. With this end in view, we have already 
reported on the relationship of atheromatosis to the amount of cholesterol 
added to the diet in the chicken.° We demonstrated a semiquantitative rela- 
tionship between the per cent of cholesterol in the diet and the duration of 
feeding, on the one hand, and the severity of the resultant atheromatosis on the 
other. It was found that for concentrations of dietary cholesterol above 1% 
per cent there was no increase in the degree of atherosclerosis upon prolonging 
the feeding period from ten to fifteen weeks. We therefore decided to investi- 
vate the effects of cessation of cholesterol feeding on the hypercholesterolemia 


and atherosclerosis resulting from moderate periods of cholesterol feeding. 


METHODS 


One hundred and. fifty-five 6- to 8-week-old white leghorn cockerels were placed on a 
of chick starter mash enriched with 2 per cent cholesterol in 20 per cent cottonseed oil 
fed ad libitum. In our experience, when given for ten weeks this diet produces athero 
erosis in 100 per cent of chicks.6 
After ten weeks of feeding, the surviving cholesterol-fed chicks were subdivided into 
ree groups. Thirty-one chicks continued to receive cholesterol for an additional fourteen 
ks. Twenty-five were placed on a diet of chick starter mash, and the third group of 
enty-five received specially prepared masht from which the fat and cholesterol had been 
acted by a commercial degreasing process. By this means the fat content of the mash 
reduced from 4.5 per cent to 0.2 per cent, and the cholesterol from approximately 100 
per cent to 0. Vitamin supplements and sucrose were added to make this diet equivalent 
aloric value to normal mash.? Twenty-six control chicks were maintained on commercial 
< starter mash throughout the entire experimental period. 
Chicks were sacrificed at the conclusion of the ten-week period of cholesterol feeding 


it intervals of three to four weeks thereafter. secause of spontaneous deaths among the 
at int l f tl to f ks tl ft B f tar leatl I g tl 
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flock, it was not possible to adhere to a rigid schedule of sacrificing. However, attempts were 


made to obtain comparable samples from all the groups. All birds were autopsied, the organs 


inspected and the hearts and aortas dissected out en bloc, opened, and graded for extent and 


A sketch of the lesions was made on a specially prepared form, 


severity of atherosclerosis. 
The thoracic 


and they were graded 0 to 4 on the basis of criteria in use in our laboratory.6 
and abdominal portions of the aorta were graded separately but have been combined in ow 
tables for simplicity in presentation. Tissues were preserved in formalin, Sections were 
taken from the most severely involved areas in the aorta of each bird, and wherever possible 
specimens were taken from both the thoracic and the abdominal aorta. Hematoxylin and 
eosin stained specimens and frozen sections stained with sudan IV were prepared and studied. 


Blood was drawn from the alar vein for cholesterol determination by the method of 


Schoenheimer and Sperry. Samples were taken at five and ten weeks after commencement 
of the experiment, and then at weekly and biweekly intervals until the conclusion of the 


experiment. 
RESULTS 


A. Morphologic Observations in the Various Groups.—It seemed a worth 
while procedure to discuss the morphology in some detail because (a) this is 
the longest period of cholesterol feeding undertaken in the chick, along with an 
equally adequate group of controls for comparison, and (b) this is the first time, 
in a species other than the rabbit, that the opportunity has been afforded for 


c 


observations over an extended period on the effects of cessation of cholestero! 
feeding on the arterial intima of the chick. 


Controls Receiving No Cholesterol Throughout Study: Of the four control chicks which 


showed gross lesions, one had a lesion of the thoracic aorta alone, two had lesions of the ab 


dominal aorta, and one had lesions in both portions of the aorta. Of the gross lesions, those 


in the thoracic aorta were flat, nonraised, whitish or light-yellow areas, varying in size from 


a few millimeters to 1 em. in their greatest dimension. In the abdominal aorta the lesions are 


seen in a prominent ridge-like area lying between the renal arteries on the posterior wall of the 
They are characterized by a light-yellow staining of this area, Microscopic lesious 


aorta. 
out of twelve aortas from which frozen sections were mad 


were far more common. Nine 
showed evidences of spontaneous atherosclerosis. The lesions have already been described 
fully by Dauber? and Chaikoff and associates,1° and we are in full accord with their findings 
Typical lipid deposits were found in the thoracic aorta in our cockerels. Microscopically thi 
hematoxylin and eosin sections of thoracic aorta showed only scattered focal areas of loosel) 
arranged ground substance which had almost the appearance of mucoid degeneration. Thes‘ 
foci lay between the elastic and collagenous fibers of the intima and between the elast 
On frozen section, these areas were strongly sudanophile, and t! 


laminae of the media. 
Chaikoff and co-workers!? hav 


stained material lay free in the ground substance (Fig. 1, 4). 
examined these deposits under polarized light and believe them to be free of cholesterol, co: 
Fatty material was most commonly found in the inner third of the med 


taining only fat. 
The most strikir 


The myocardium and coronary arteries were not involved in any way. 
changes were seen in the abdominal or muscular section of the aorta. As deseribed 
Dauber,? the primary lesions were to be found in the ridge-like prominence in the interre1 
region. The lesions are characteristically fibrotic, being made up of collections of collageno 
bundles and fibroblasts, with small to moderate amounts of sudanophile material in the dept 
of the plaques, usually next to the intimal-medial boundary. An excellent illustration of su 
a lesion is Fig. 1, B. 

Birds Maintained on 2 Per Cent Cholesterol Diet Throughout: The earliest gross lesi¢ 
were observed in the brachiocephalic vessels and the elastic aorta (referred to as the thora 


aorta). They appeared in the form of flat, nonraised, white or whitish-yellow areas ne\ 
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A. B. 


Fig. 1.—A, Bird 29, control, on normal mash diet twenty-four weeks. Spontaneous lesion 
e thoracic aorta. There is focal accumulation of sudanophile material in the intima and 
a (note dark-staining areas). (Frozen section, 120, sudan IV.) #&, Bird 37, control, on 
ial mash diet fourteen weeks. Spontaneous lesion of the abdominal aorta. There is marked 
us and fibroblastic thickening of the intima. Region near intimal-medial boundary con- 
small amount of sudanophile material. (Frozen section, 120, sudan IV.) OC, Bird 167, 
holesterol fourteen weeks. Early cholesterol-induced lesion of the thoracic aorta. Note 
sition of sudanophile materia! in intima and inner portion of media. (Frozen section, 

sudan IV.) D, Bird 191, on cholesteral twenty-four weeks. Very heavy deposit of 
nophile material in the intima and inner one-third media. (Frozen section, «120, sudan 
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more than a few millimeters in diameter. This progressed to increasing thickening of the in 
tima in these regions and the appearance of more extensive, more deeply pigmented patches, 
which were striated or nodular in gross appearance. Progression led to severe involvement ot 
almost the entire elastic aorta by either a confluent plaque or separate and extensive nodulaz 
or granular plaques. There was a clear line of demarcation at the junction of the elasti 
and muscular aorta. The aortic valves were frequently involved with heavy plaques of yellow 
material in the sinuses of Valsalva. The mitral valves showed pin-point lipid deposits in their 


substance. We again noted® that there is a definite time lag in the involvement of the ab 


dominal portion of the aorta. The interrenal area is preferentially involved. Involvement 


ranged from slight yellow streaking to almost complete occlusion of the lumen of the aort: 


by massive deep-yellow plugs. IJTsolated nodular involvement of the proximal portion of th 
iliac vessels was a common phenomenon. 

Microscopically, the least severe lesions consisted merely of some increased deposition 
of gray-blue ground substanee between the collagenous and reticular fibers of the intima 


On frozen section and sudan staining these areas contained moderate amounts of sudanophil 


material and an increased number of fibroblasts (Fig. 1, C). Sudanophile material could 
also be seen scattered lightly through the inner half of the media. Most of the early lesions 
however consisted of foam cell plaques of varying degrees of severity—from a single layer 
of cells to veritable foam cell cushions, several layers deep. The fat-filled fibroblastic cells 
were arrayed along vertically disposed reticular fibers and their nuclei also were perpendiculat 
to the intimal coat. Usually foam cells and an increased amount of intercellular ground sub 
stance could be seen infiltrating the inner half to one third of the medial eoat (Fig. 1, D 

The coronary arteries were relatively uninvolved in these early lesions. As the period of 
cholesterol feeding was prolonged, more severe changes were seen in the thoracic aorta. The 
progression is not clear in all instances, i.e., some lesions were seen at 140 days which, con 
paratively speaking, were no more severe than those seen at 70 days. However, a number of 
very severe lesions were seen late in the feeding period. Hyaline and cartilaginous metaplasia, 
associated with breakdown of the foam cell plaques, appears to be the first step. With ti 

there is a disappearance of the well-formed foam cells, although ghost cells can be seen 
the areas undergoing hyaline metaplasia. Typical cartilage does appear in the mid-dept 


in some instances undergoes 


of the plaque, which eventually becomes heavily basophilic and 
extensive calcification. In some sections there is actual breakdown of the centers of the foan 
cell plaques with the formation of ‘‘abscesses’’ containing necrotie debris, fragments 
nuclei, free fat, cholesterol crystal clefts, and heavy deposits of calcium in granules or plates. 
In the heavier foam cell plaques which remain intact, numerous fine vasa may be seen co! 
municating with the lumen, and endothelialized spaces were found resembling vasa whi 
are filled with foam cells, loose and in clumps (Fig. 2, A 

The media is involved in all instances, particularly in its inner half, by infiltration 
foam cells and free fat. Where the intimal lesions are very severe, there may be severe 
tenuation of the underlying media. Involvement of the coronary arteries is common in 
sociation with severe aortic atheromatosis. Foam cell plaques may be seen partially or co 
pletely occluding the lumina of small arterioles. Some of the lesions also show associat 
calcium granule deposition. Fig. 2, C shows a coronary arteriole severely narrowed by fo: 


cells with a heavy plaque of calcium almost completely replacing the underlying medin. 


The thoracie aorta therefore shows a spectrum of changes extending fr 
minimal deposits of fat and cholesterol in the ground substance to extensi 
foam cell plaques, atheromatous abscesses, hyalinization, cartilaginous met 
plasia, and ealeification. 

There appeared to be little or no correlation between the severity of the lesions in 


thoracic aorta and those in the abdominal aorta. Early lesions in the abdominal aorta w 


of two types. One group was indistinguishable from those of the ‘‘spontaneous’’ type wl 
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Fig. 2. L, Bird 188, on cholesterol fifteen and one-half weeks. Severe foam cell plaque of 
icie aorta. Note vasa vasorum containing red blood celis, and also the endecthelialized 
filled with foam cells, discrete and in clumps. (X120, hematoxylin and _ eosin.) 
ird 169, on cholesterol thirteen and one-half weeks. Advanced lesion of thoracic aorta. 
superficial layer of dense connective tissue, beneath which is a wide zone of cartilaginous 
plasia with numerous foci of calcification. Involves inner one-third of media as well as 
6 (120, hematoxylin and eosin.) C, Bird 479, on cholesterol seventeen weeks. Severe 
wing of lumen of coronary artery by foam cells. There is a heavy plate of calcium almost 
etely replacing the underlying media. (120, hematoxylin and eosin.) WD, Bird 191, on 
sterol twenty-four weeks. Lesion of abdominal aorta shows superficial layer of dense 
S — much lipid and “abscess formation” in the depths of the plaque. (Frozen section, 
sudan rT.) 
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were seen in the controls, i.e., they were characterized by fibrotic changes with small amounts 


f sudanophile material and calcium granules in the very depths of the plaques along the in 
timal medial boundary. A second group likewise showed severe fibrotic changes, but was 
characterized by the presence of a considerable amount of lipid and cholesterol erystais and 
calcium throughout the plaque. Small atheromatous ‘‘abscesses’’ may be seen lying deep 
beneath a fairly heavy collagenous and fibroblastic coat (Fig. 2, D). With progression ot the 
cholesterol feeding, the latter type of lesion predominates and becomes more severe. <A. third 
type of lesion becomes apparent as the period of feeding is prolonged. This lesion is very 
extensive both vertically and horizontally—it is several times the thickness of the uninvolved 
vessel wall. The surface of this lesion is coated by a fine layer of collagenous fibers, with 
few fibroblastic nuclei. Beneath this lies a deep layer of structureless gray-blue ground 
substance containing some foam cell ghosts, numerous cholesterol crystal clefts, and many 
calcific granules. The homogenous ground substance is usually intersected by fine strands 
of collegenous fibers, giving the impression of periods of accretion and quiescence. The deep 
est layers show an increased number of cholesterol crystal clefts and heavier deposits of 
ealeium both in granules and in plaques. The media is partially or completely obliterated 


and replaced by a thin layer of fibrous connective tissue (Fig. 3, 4 


It seems, therefore, that the lesions produced by cholesterol feeding in the 
abdominal aorta are superimposed on and/or accelerate the evolution of the 
so-called ‘‘spontaneous’’ lesion. The presence of dense fibrosis in the less se 
vere lesions and the relative paucity of fat are probably a manifestation of the 
hody’s defense against the deposition of cholesterol and fat. When this re 
sistance is overwhelmed, one probably sees the massive structureless lesions 


deseribed. 


Birds on Cholesterol for Ten Weeks and Then Placed on Low Fat or Ordinary Mash 
Diet: Grossly and microscopically the group in which cholesterol was replaced by ordinary 
mash was essentially similar to the group placed on the low fat diet. 

Grossly, the lesions seen in this combined group differed little in point of appearance 
from those seen in the group maintained on cholesterol throughout. However, they tended 
to be less yellow and to have a whitish tinge. They were definitely less extensive and less 
severe, 30th the thoracic aorta and the abdominal aorta appeared dull-white and thickened 
in a number of instances, but showed little or no involvement with atheroma. Microscopically, 
up to seven weeks the lesions were not markedly different from those seen in cholesterol-fed 
birds sacrificed at the time of division or shortly thereafter. There was moderate thickenir 
of the intima by an increase in ground substance, and there was cellular and foam cell pro 
liferation. The lesions of the abdominal aorta were principally fibrocellular with deeper pot 
tions of the plaques containing abundant fat, cholesterol crystals, and fine particles of ¢: 
cium. From seventeen to twenty-four weeks the severity of the intimal lesions was less 
fibrocellular thickening of the intima was more common and foam cells were less frequent! 
seen, However, occasional lesions persisted which were quite severe. One chick showed 
heavy foam cell plaque at seventeen weeks; another showed hyaline metaplasia at ninete 
weeks, and a third showed heavy calcification at nineteen weeks. On the whole, however, i 
timal thickening in the thoracic aorta, when present, was principally fibrocellular in char: 
ter (Fig. 3, B). An interesting phenomenon was observed in those chickens which had be 
longest on the low fat diet (i.e., had had the longest respite from cholesterol feeding). Lyi 
directly beneath the slightly fibrosed intima were large globular cells filled with fat. Th 
could be made out individually and seemed to be migrating toward the lumen (Fig. 3, C 
if they were scavengers carrying fat and debris out of the lesion into the lumen of the vess 

The abdominal aorta was characterized by two types of lesions: (1) a predominant 


fibrotic lesion probably of the so-called spontaneous variety with little sudanophile materi: 











rta. 
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Fig. 3.—A, Bird 488, on cholesterol for fifteen weeks. Very severe lesion of abdominal 
Surface of lesion is coated by a thin layer of connective tissue, beneath which lies a deep 


yer of ground substance intersected by fine collagenous strands and containing cholesterol 


stals, calcium granules, and foam cell ghosts. (<120, hematoxylin and eosin.) B, Bird 
on cholesterol for ten weeks and then on ordinary mash for fourteen weeks. There is very 


nimal thickening, of the intima of the thoracic aorta which is fibrocellular in character. 


t 
+ 


r 


20, hematoxylin and eosin.) C, Bird 97, on cholesterol for ten weeks, then on ordinary 
sh for fourteen weeks. Note globular sudanophile masses immediately beneath endothelial 
ng of vessel. Also scattered sudanophile granules in the remainder of the intima. (Frozen 
ion X480, sudan IV.) D, Bird 147, on cholesterol for ten weeks, then on special low fat 
for five weeks. Note atheromatous ‘‘abscess” cavity surrounded by fibrocellular connec- 
tissue. (Frozen section, 120, sudan IV.) 
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and (2) more severe lesions showing heavy fibrosis but also severe residual deposits of sudan 
ophile material and calcium. The latter probably represent the evolution of the second type 
of early abdominal lesion seen in the continuing cholesterol feeding. Fig. 38, ) is an illus 
tration of one of these. It shows marked thickening of the intimal surface with fibrocellulan 
connective tissue and partial obliteration by fibrous tissue of an atheromatous abscess. The 


cavities contain sudanophile material and heavy deposits of calcium. The underlying media 


shows some fibrosis. 


In summary, cessation of cholesterol feeding and the institution of a low 
fat or normal mash diet were followed by fibrotic changes in lesions of both 
the thoracic and abdominal portions of the aorta, by the disappearance of foam 
cells, and by calcification of atheromatous abscesses. We also have noted the 


presence of scavenger-like cells in the intima. 


B. Summary of Data on Degree of Atherosclerotic Lesions in) Various 
(rroups.—Table I summarizes the average gross gradings in the various groups 
for the entire duration of the experiment. The base line value of the severity 
of lesions at the end of ten weeks of feeding with cholesterol is based upon all 
chicks, hoth experimental and control, which either died or were sacrificed 
Also ineluded in this base #ne group are three birds from the low fat mas! 
group and two from the plain mash group which died during the first week 
following division of the groups. The average gross grading for the eighteer 
chickens in this group was 2.0, which compares tavorably with values re 


ported by us in a previous experiment.’ 
TABLE I. AVERAGE GROSS GRADING OF AORTIC ATHEROSCLEROSIS IN ALL GROUPS FOR ENTI 
DURATION OF EXPERIMENT 


ON 2% CHOLESTEROL DIET FOR 10 WEEKS AND 
THEN CONTINUED ON 


TIME FROM CONTROLS ON 
BEGINNING OF | 2% CHOLESTEROL LOW FAT DIET PLAIN MASH PLAIN MASH 
EXPERIMENT NUMBER AVERAGE | NUMBER AVERAGI NUMBER AVERAGI NUMBER |AVERAGI 
(WK. OF BIRDS GRADI OF BIRDS GRADI OF BIRDS GRADI OF BIRDS GRADI 
9 to 1] 18 ae 2 0 
12 to 14 6 1.1 6 2.7 12 2.4 S 0.05 
15 to 18 1] 1.3 | 2] } L.S 5 0.05 
19 to 22 j Ld 7 1.1 3 3.5 2 0 
22 to 24 } 9.9 Hs) 0.5 ! 1.0 12 0.1] 
Total 13 22 AS | 26 


*Includes seven chicks which died in the week prior to separation of the groups at 
three from the low fat and two from the plain mash groups which died during the first we 
after separation of the groups. 


Continued Cholesterol Feeding: This is best visualized in Fig. 4. Tl 
average gross grade rose from 2.5 at the time of division (ten weeks) to 4.1 fo 
the periods fifteen to twenty-two weeks, and then rose to 5.9 for the perio 
twenty-three to twenty-four weeks. There was, therefore, an early rapid ris 
in severity of lesions, then a tendeney to level off after fifteen weeks of chole 
terol feeding, and finally a further rise after twenty-two weeks of cholester 


feeding. 


Normal Mash: Placing cholesterol-fed birds on a diet of normal mash 1 


sulted in a gradual decline in the extent and severity of the atherosclerosi 
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This is best seen for the periods fifteen to eighteen weeks and twenty-three to 
twenty-four weeks, where the average values obtained were 1.8 and 1 re- 
spectively. For the period eighteen to twenty-two weeks a value of 5.5 was 
obtained. This average was constructed from data from three chicks, one of 
which had very severe lesions. On the whole, however, the trend toward de- 


creasing severity of the lesions was unmistakable. 


AVERAGE GROSS GRADING OF ALL GROUPS FROM TIME OF DIVISION OF GROUPS 


AVERAGE TO CONCLUSION OF EXPERIMENT 
GROSS 
GRADING 
or —— CONTROLS ON PLAIN MASH 
——2% CHOL. DIET / 


— —— LOW FAT MASH DIET 


TIME OF #7 
DIVISION 


OF GROUPS / 


—-:— PLAIN MASH DIET # 
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Fig. 4, Average gross grading of all groups from the time of division into groups to the 


conclusion of the experiment. 


Low Fat: The group of cholesterol-fed birds placed on a low fat, choles- 
erol-free diet gave values which closely resembled those obtained in the group 
cholesterol-fed birds placed on ordinary mash, but the decline in the se- 
erity of the lesions was somewhat more marked and was consistent for all 
ie periods. The deeline first became evident at the fifteen to eighteen weeks 
riod and was most noticeable during the eighteen to twenty-two and twenty- 
ree to twenty-four week periods, where average gross values of 1.1 and 0.5 

i recorded. 
Combining the low fat and normal mash groups gave us a more adequate 
of averages. Again a progressive decline in the severity of the lesions was 

arent. 


Controls: The control group which received normal mash with no added 


lesterol over the entire period was remarkable for the paucity of grossly 
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discernible atheromatous lesions of the so-called ‘‘spontaneous’’ variety. Only 
four of the twenty-six controls showed grossly visible atherosclerosis. Two 
were graded at 14, one at Y, and one at 1. 

(. Blood Cholesterol Levels —Fig. 5 illustrates the blood cholesterol levels 
for the various groups throughout the course of the experiment. The first 
and second determinations were made at five and ten weeks after commence- 


ment of the experiment. Thereafter blood cholesterol determinations were 
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Fig. 5.—Average blood cholesterol levels before and after division of birds into the sever 
groups. 


made at weekly or biweekly periods. The values for the 2 per cent cholestero 
fed birds showed a good deal of variation from week to week, but the tren 
on the whole was toward increasing levels. The last three determinations wer 
2,629, 2,479, and 1,859 mg. per cent respectively. During the same period t! 
blood cholesterol level fell in the groups taken off the cholesterol diet. Withi 
two weeks of cessation of cholesterol feeding, the blood cholesterol levels « 
the plain mash and low fat groups fell to 268 and 175 mg. per cent respective! 
(control, 100 mg. per cent). Within one more week the values for both grou} 
were back in the normal range. The blood cholesterol levels of the contro 
showed no significant variation during this period. 
In summary, continued cholesterol feeding after ten weeks results in t 

maintenance and further elevation of the blood cholesterol levels, while cess 
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tion of cholesterol feeding leads to a very rapid fall of the blood cholesterol 
back to normal levels. 
DISCUSSION 

The results obtained in the present study complement and extend our 
previous studies on cholesterol-induced atherosclerosis in the chicken. It is 
now clear that continuing cholesterol feeding in the chick for periods up to 
six months results in progressive aggravation of the atherosclerosis. This is 
not in accord with previous data reported by us for a much shorter experi- 
mental period. The progression is associated with a continued rise in the 
blood cholesterol levels. The spectrum of miscroseopie findings resulting 
from continued cholesterol feeding is wide indeed, ranging from mere in- 
creases in amorphous ground substance to massive foam cell plaques, hyaline 
and cartilaginous metaplasia, and heavy calcium deposits. We noted also the 
tendeney for cholesterol-induced lesions of the abdominal aorta to appear in 
an area usually involved in the ‘‘spontaneous’’ variety of the disease and 
apparently to accelerate and/or aggravate the normally occurring lesion. 

Cessation of cholesterol feeding after ten weeks resulted in a gradual 
decline in the severity of the lesions as judged by gross grading in both the 
plain mash and low fat groups. There was no essential difference between the 
{wo groups either from a gross or microscopic standpoint, and they have been 
combined for purposes of discussion (and in Table I). Blood cholesterol levels 
fell to normal within three weeks of cessation of cholesterol feeding. Miecro- 
scopically the lesions were characterized by diminution and disappearance of 
foam cell deposits, increasing fibrotie changes in both the abdominal and 
thoracic portions of the aorta, diminution of grossly stainable lipid, and 
heavier calcification. Some of the chickens sacrificed at the very end of the 
experiment showed so little gross or microscopic evidence of atherosclerosis 
that it may be assumed that the lesions in these birds had undergone complete 
remission. In other birds, severe fibrosis, remains of atheromatous abscesses, 
nd heavy ealeification tended to suggest that there is a limit to the degree of 
itheroselerotie damage which ean be repaired. 

Controls kept on ordinary mash showed only few gross lesions, but the 
neidenee of microseopie lesions was much higher. This is in accord with 
revious experience in this laboratory.® In corroboration of Chaikoff and 

workers,’ we found lipid deposits in the thoracie aortas of cockerels, 
phenomenon reported by Dauber’ only in hens. These lesions of the thoracie 
rta are never characterized by thickening of the intima or by foam eell 
posits, but consist of small foeal deposits of lipid material in the ground 
bstanee of the intima and inner portion of the media. In the abdominal 
rta, the spontaneous lesions are characteristically fibrotie with far less stain- 
e lipid than in the cholesterol-induced lesions. They are, however, very 
‘ilar to some of the less severe lesions induced by cholesterol feeding, par- 
ularly when the latter has been suspended for some time and the chicks have 
en returned to a normal diet. 
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Other investigators have made observations on the effect of suspending 
cholesterol feeding on the arterial lesions of the rabbit. Stuekey,’ Krylow, 
Wada,* and Searff* were the first to report such observations, but their data 
is not very extensive. Anitschkow® was the first to study the problem exten- 
sively in the rabbit. He found that following three to four months of 
cholesterol feeding, and the resumption of a nornfal diet, there resulted a 
gradual loss of lipids from the plaques. The latter lost their vellowish color 
and no longer stained with sudan. They presented a whitish and fibrous ap- 
pearance. He stressed, however, that this process was a slow one. The trans- 
formation of a large plaque rich in lipids into a plaque composed of fibrous 
tissue took two to three years, and even then small quantities of lipid could 
he discovered microscopically after sudan staining. Microscopically Anitsehkow 
noted the gradual disintegration and disappearance of the foam cell masses 
and their replacement by newly developing collagenous and elastic fibers 
and fibroblasts. He noted also the tendency for cholesterol crystals to persist 
long after the other lipids have been removed, and also the large quantities 
of caleium which were laid down in areas formerly occupied by atheromatous 
abscesses. He stated that if the development of the lipid deposits and the 
thickening of the intima had not reached a very considerable degree during 
the progressive period, all that was to be seen after resorption of the lipids 
had taken place was a slight fibrous thickening of the intima, sometimes con 
taining a few cholesterol crystals, together with scattered lipid cells and 
globules of neutral fat. Anitschkow gave no data on the effect of cessation of 
cholesterol feeding on the blood cholesterol levels in the rabbit. Steiner,’ 
among others, has observed that following the cessation of cholesterol feeding 
in rabbits the blood cholesterol levels fall very slowly over a period of months 
It is of interest that the resorptive changes seen in the rabbit, and deseribed 
by Anitsehkow and others, so closely resemble the changes seen by us in the 
chicken. It is also of interest that the rate of regression of lesions in the 
chicken is much greater than in the rabbit. These two features may well 
be related in an etiologic and pathogenetic sense, as will be discussed. 

The ability of the physiologic mechanisms to remove lipids from th 
arterial wall is not a feature common to the experimental animal alone. I 
man, Leary’s!® excellent studies have thrown considerable light on the problen 
of the bodily defenses against the development of atheromatous lesions. Lear 
believes that a defense mechanism exists which removes excess fat an 
cholesterol from the arteries of youth and from the ascending aorta even i 
old age. The cholesterol is transferred from wandering lipid cells (foan 
cells) to fixed fibroblasts in which the cholesterol esters are split, anisotropis! 
is lost, and the cholesterol] is brought into solution in an excess of fatty acids 
Solution is followed by its disappearance from the lesions. With the remova 
of the excess cholesterol, the lesions stop progressing toward atheroselerosi 
and subside. In youth this mechanism is adequate to cope with lipid deposit 
in the intima. As man ages his ability to remove cholesterol appears t 


diminish, and atherosclerosis becomes severe. Increased deposition of collage! 
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and dense sear tissue with subjacent collection of fat is more common. — tu 
old age, cholesterol removal mechanisms appear to cease, and foam cells ae- 
cumulate in masses, with inadequate nutrition and support, and primary 
atheromatous abscess is the typical lesion. Iurther corroborative evidence on 
the resorbability of human lesions comes from two sources. Aschoff't observed 
that atherosclerotic lesions were rare in autopsy material during and after 
World War Tin Germany—a period of severe famine and malnutrition, espe- 
cially with respect to fats, cholesterol, and proteins. More recently Wilens’ 
has noted that at necropsy severe atherosclerosis is at least twice as common 
in obese as in undernourished persons 35 vears of age or over. Ile found this 
relationship to be independent of sex or the presence or absence of diabetes 
or hypertension. Severe or even moderate atherosclerosis was seldom found 
in those with protracted undernutrition. Less severe atherosclerosis was ob- 
served in those with wasting disease than in those with terminal weight loss. 
He inferred from this data that resorption of atheromatous lesions may occur 
during periods of marked weight loss. Histologically the most conspicuous 
difference between the two groups lay in the amount of lipid in the intimal 
lesions—there were less lipids and fewer phagocytes in the intimal lesions of 
those with weight loss. 

Thus far we have discussed only the spontaneous regression of lesions 
which takes place in the experimental animal on the cessation of cholesterol 
feeding and in man following prolonged undernutrition. We have already 
noted that the provision of a low fat, cholesterol-free diet did not appreciably 
affect the rate of regression of lesions in the chick. Attempts have been made 
to influence the rate of regression of lesions in the rabbit through the use of 
various substances known to influence fat metabolism. Steiner’? noted that 
the administration of choline to rabbits which had received cholesterol for 
110 days resulted in a marked regression of the lesions. Examination of his 
lata reveals that in the six rabbits in which choline appeared to have a posi- 
ive effect, the blood cholesterol levels were never very high and rapidly fell 


to the normal range, e.g. : 


DAYS 0 20 60 
176 me. % 149 me. % 96 mg. % 
5i2 350 125 


Vhere choline failed to influence the lesions, the blood cholesterol was high 


the start and tended to stay high, e.g. : 


DAYS 0 60 
1,265 mg. % 1,250 mg. % 
900 o44 


the group taken off cholesterol and maintained on a regular diet with- 
choline, the cholesterol values with one exception were over 300 mg. per 
t at the end of sixty days, and the rate of fall was very slow. It would 
n, therefore, that there is a strong correlation between the rate of fall of 
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the blood cholesterol levels and the efficacy of choline in affecting the re- 
gression of lesions. The failure of choline to act in four out of ten rabbits 
might well be accounted for on the basis of individual differences among 
rabbits, which are known to respond in varying fashion to cholesterol feeding. 
Steiner’s results have been amply confirmed by Morrison and Rossi.'® 


18 


By means of cholesterol tolerance tests'® 'S we have been able to show 
that there is a marked difference in the response of different species to a 
standard load of their homologous cholesterol administered intravenously. 
We have found that in comparison with the chicken and the rat, the rabbit is 
much less capable of dealing with intravenously injected cholesterol and 
requires three to four times longer to dispose of an equivalent load of 
cholesterol. Kendall'® and associates have published similar data using an 
artificially prepared emulsion of cholesterol. It appears therefore that the 
ability of any species to remove cholesterol from the arterial intima is related 
to its ability to metabolize cholesterol. Thus the chicken, which removes 
injected cholesterol from its blood stream about three times as fast as the 
rabbit, also shows a very rapid fall of blood cholesterol to normal afte 
cessation of cholesterol feeding and a more rapid regression of lesions than 
does the rabbit. That this process may be accelerated by exogenous factors 
is well demonstrated by the effect of choline in the rabbit, and by under 
nutrition in man. The existence of a physiologic mechanism for the renioval 
of fat and cholesterol from the vascular wall is well supported by the evidence 
cited and is clearly suggested by the results of the present investigation. Ws 
are therefore compelled to abandon our ‘‘static’’ concepts concerning the 
nature of atherosclerosis and to apply instead the dynamic principles. o| 
modern metabolic theory concerning the behavior of the lipids in other parts 
of the body. Body fat is now known to be in a constant state of flux; it 1s laid 
down in depots and is constantly moved and replaced, converted or destroyed 
as required.*° It would appear from the present study that under certai! 
circumstances the lipid content of atheromatous plaques is subject to simila: 
metabolic forees. Further studies on this aspect of the problem with mor 
refined metabolic tools are the sine qua non of therapeutic researches in this 


field. 
SUMMARY 


1. Prolonged feeding of a diet containing 2 per cent cholesterol in cotter 
seed oil for a period of twenty-four weeks resulted in progressive elevatio! 
of the blood cholesterol levels. There was increasing severity of the ather 
sclerosis for a period of fifteen weeks and then a levelling off, with a furth 
increase in severity during the last two weeks of the experiment. 

2. Cessation of cholesterol feeding after ten weeks is followed by a vei 
rapid decline in the blood cholesterol levels to normal within three weeks 
There was also a gradual regression in the severity of the lesions over 
fourteen-week period. It appears that early lesions may be completely 1 
sorbed upon cessation of cholesterol feeding, while more severe lesions unde) 
go regressive and reparative changes, 
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3. There appeared to be little difference in the rate of regression or dis- 
appearance of the aortic lesions in birds placed on a normal mash diet and 
those placed on a low fat, cholesterol-free diet following cessation of 
cholesterol feeding. 

4. There is a wide spectrum of histologic changes resulting from pro- 
longed cholesterol feedine, rangine from inerease in the ground substance 
of the intima, with infiltration of sudanophile material, to very extensive 
foam cell plaques, hyaline and cartilaginous metaplasia, and heavy deposits 
of ealeium in granules and plates. 

5. Cessation of cholesterol feeding is followed by fibrotie changes in 
lesions of both the thoracie and abdominal portions of the aorta, by the dis- 
appearance and diminution of foam cells and fat, and by the calcification of 
atheromatous abscesses. We also noted the presence of scavenger-like, fat- 
filled cells in the intima. 

6. The controls showed few gross lesions but numerous microseopie ones. 
Scattered focal deposits of sudanophile material were seen in the intima and 
inner portions of the media of the thoracic aorta. In the abdominal aorta the 
spontaneous lesions were characterized by fibrosis of the intima, with 
sudanophile deposits and ealeium granules at the intimal-medial junction. 

7. The presence of a physiologic mechanism concerned with the regression 
of atheroma in animals and man is discussed, and the application of modern 
dyvnamie prineiples of lipid metabolism to this mechanism is considered. 

We are indebted to Miss C. Bolene (D. V. Dauber Memorial Research Assistant), Miss 


Lorraine Adams, Miss Eileen Arnold, Miss Marilyn Dudley, and Mr. William Foote fon 
technical assistance in this study. 
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THE LACK OF EFFECT OF TWEEN 80 ON THE ABSORPTION OF 
ALUMINUM AND SODIUM PENICILLINS 


LEON SCHWARTZ, M.D., AND WILLIAM P. Bocer, M.D. 
PHILADELPHIA, PA. 


HE widespread use of oral penicillin despite the fact that only a fraction 

of an administered dose is absorbed from the gastrointestinal tract makes de- 
sirable the investigation of factors that may favor the absorption of penicillin 
from the gut. The present study reports the comparative plasma concentrations 
of penicillin that resulted from the oral administration of aluminum* and 
sodium penicillins with and without orally administered Tween SO (polyoxy- 
ethylene sorbitan monooleate ). 

The Tweens are a series of polyoxyalkylene derivatives of the hexitols, man- 
nitol and sorbitol, and their anhydrides, partially esterified, that are classified 
as dispersing agents.’ Such compounds might theoretically increase the absorp- 
tion of substances from the gastrointestinal tract by lowering surface tension 
and increasing dispersion. It has been reported that one of these compounds, 
Tween 20, given by mouth and parenterally, prolonged the penicillin plasma 
concentrations following oral and parenterally administered penicillin.*? Tween 
80, differing only in the fact that oleic acid is esterified with the hexitan in place 
of laurie acid, has been fed to human patients in amounts as large as 15 Gm. 
per day without evidence of toxicity and furthermore has proved to be effee- 
tive in inereasing the absorption of fats and fat-soluble substances in certain 
pathologie conditions marked by impaired gastrointestinal absorption.” Because 

‘its nontoxicity and its proved efficacy in human beings, Tween 80 was chosen 
v this study to determine whether it had any influence on the absorption of 
rally administered penicillin. 


MATERIALS AND METHODS 


Twelve male subjects, varying in age from 33 to 78 years, afebrile and free of obvious 


gastrointestinal dysfunction, were selected from the medical wards and 


al, hepatic, or 
ded into two groups of six each. One group was given aluminum penicillin with and 
out Tween 80 and the other was given sodium penicillin with and without Tween 80, each 
ent serving as his own control in determining the effect of the dispersing agent on peni- 
plasma concentrations. 
Penicillin was administered orally in a dose of 200,000 units every three hours for nine 


J 


, and blood samples were drawn into heparin-wetted syringes at one-half, one, two, and 
hours after the ninth dose. No medication was given for twenty-four hours and then 
) units of penicillin and 2 Gm. of Tween 80 were given together every three hours for 
loses. After the ninth dose of the combination of drugs, blood samples again were 
From the Philadelphia General Hospital. 

This study was made possible through grants-in-aid from the Research Fund for Infectious 
se of the University of Pennsylvania and from Sharp & Dohme, Ine. 
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*Tween 80 was supplied through the courtesy of Atlas Powder Co., Wilmington, Del., 
num penicillin through the courtesy of Hynson, Westcott & Dunning, Inc., Baltimore, 
nd sodium penicillin through the courtesy of Sharp & Dohme, Ine., Glenolden, Pa. 
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drawn at one-half, one, two, and three hours. The ninth dose of medication in each phass 
of the study was given at the same time of day and in the same relationship to the ingestion 
of food, so that the penicillin time-dose response curves in the two phases of the study ear 
be compared to determine the effect of Tween 80. The same lots of aluminum and sodiun 
penicillins were employed throughout the study. Penicillin assays were done by the Kirby 


Rantz modification of the Rammelkamp serial dilution method,4 employing as the test organ 


ism Streptococcus YS. 


I 
RESULTS 


In Table I are presented the data obtained following the use of sodium 
penicillin. It is apparent that in three patients (EK. U., B. L., and P. L.) the 
penicillin plasma concentrations were actually lower when Tween 80 was ad 
ministered; in two patients (G. J. and J. M.) the concentrations were higher: 
and in one patient (J. M.) the concentrations were equal to those obtained 
when penicillin was given alone. The average values from the six patients 
show the concentrations after penicillin alone to be slightly higher than those 
after penicillin and Tween 80. 


‘ABLE I. SopdIlIumM PENICILLIN: 200,000 UNITS* ORALLY: COMPARISON OF PENICILLIN PLASM 
CONCENTRATIONS WITH AND WITHOUT TWEEN 80 


PENICILLIN PLASMA CONCENTRATIONS 
(HOURS AFTER ADMINISTRATION ) 


PATIENT AGI TWEEN SOt 4, ] 2 3 
G. J. 67 Without 0.19 0.19 0.38 0.25 
With 0.76 0.76 0.76 0.76 

J. M. 78 Without L.00 1.50 1.50 1.50 
With 2.00 1.00 1.50 1.00 

J. M. 33 Without 0.25 0.19 0.25 0.13 
With 0.76 0.51 0.19 0.18 

E. U. fe Without 1.50 1.50 1.00 1.00 
With 0.38 0.38 0.25 

B. L. 6 Without 0.97 1.65 1.25 0.95 
With 0.47 0.80 0.57 0.30 

». T,. 15 Without 0.55 1.20 0.32 0.19 
With 0.00 0.55 0.25 0.17 

Average Without 0.74 1.03 0.78 0.67 
With 0.85 0.66 0.57 0.438 


*Two 100,000 unit tablets each buffered with 0.35 Gm. calcium carbonate. 
16 Gm, per day administered as four 0.5 Gm. gelatin capsules every three hours. 


Table II shows similar data after the use of aluminum penicillin. In two 
patients (H. M. and C. B.) the plasma concentrations of penicillin are low 
after the use of Tween 80; in two patients (J. W. and R. M.), slightly highe: 
and in two patients (S. B. and E. H.), approximately equal to those observed 
after the use of aluminum penicillin alone. The average values from the s 
patients are practically identical. 


DISCUSSION 


The Tweens are painful and irritating when injected intramuscularly, 
even if effective in elevating penicillin plasma concentrations as claimed 
Tween 20,2 this route of administration would be impractical. Furthermo 
the amount of Tween 80 absorbed from the gut and excreted by the kidneys 








LACK OF EFFECT OF TWEEN 80 ON ABSORPTION OF PENICILLINS 1445 


TABLE II. ALUMINUM PENICILLIN: 200,000 UNITS* ORALLY; COMPARISON OF PENICILLIN 
PLASMA CONCENTRATIONS WITH AND WITHOUT TWEEN 80 


PENICILLIN PLASMA CONCENTRATIONS 


(1LOURS AFTER ADMINISTRATION ) 

PATIENT AGI rTWEEN SOt i, | oD) 3 
J. W. 6S Without 1.60 1.60 1.60 1.60 
With 1.60 3.02 9 50 2 50 

R. M. 67 Without 0.25 0.00 0.25 0.25 
With 0.31 0.76 0.76 ().25 

S. B: 50 Without 0.19 0.19 0.25 0.25 
With 0.25 0.38 0.19 0.13 

H. M. 59 Without 1.00 2.00 0.76 0.358 
With 0.76 0.76 0.50 0.76 

C8: 78 Without 3.00 300 3.00 1.50 
With 1.50 0.76 2.00 1.50 

E. H. 71 Without 0.45 0.78 0.70 0.80 
With O47 O.9S 0.75 1.20 

Average Without L.0S 1.34 1.09 0.79 
With OS] Ea 1.11 1.05 

Four 50,000 unit tablets, each buffered with 0.3 (im odium benzoate. 


(16 Gm, per day administered as four 0.5 Gm. gelatin capsules every three hours. 


so small> that a carinamide-like effect ascribed to Tween 20° seems unlikely. 
The sole anticipation of an effect of Tween SO on the absorption of penicillin 
was predicated on its activity as a dispersing agent within the gut. The ob- 
servations made in twelve patients under the conditions outlined indicate that 
Tween 80 exerted no effect on the absorption of penicillin from the gastro 
intestinal tract. 

Aluminum and sodium penicillin were not compared in the same patients, 
but it is apparent that the penicillin plasma concentrations observed in similar 
vroups of patients were approximately equal during the three-hour period 
studied. A subsequent investigation will be directed toward comparing the 
naintenance of penicillin plasma concentrations for periods longer than three 

urs. It should be noted that the penicillin plasma concentrations were unex- 
ectedly high; except initially, they exceeded those resulting from the intra- 
uscular injection of 50,000 units of penicillin (crystalline penicillin in aqueous 
lution)® The concentrations observed may be explained in part by the ages 
the patients studied or by the possibility of penicillin accumulation in the 
rculation during the twenty-four hours of medication prior to the time-dose 
sponse values here recorded. Unfortunately there is no body of data in the 
erature with which to compare the results of this study, but it would be 
warranted to assume that penicillin plasma concentrations of the magnitude 
ein reported obtain in all patients to whom 200,000 units of penicillin are 


lly administered every three hours. 


CONCLUSIONS 


Tween 80 (polyoxyethylene sorbitan monooleate) in oral doses of 16 Gm. 
day did not enhanee the gastrointestinal absorption of penicillin as deter- 
ed by the penicillin plasma concentrations resulting from the oral admin- 


ition of the antibiotic with and without Tween 80. 
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LABORATORY METHODS 


EVALUATION OF A MODIFIED SUMNER’S METHOD 
(DINITROSALICYLIC ACID) FOR DETERMINATION 
OF GLUCOSE IN URINE 


Rote BRopERSEN, Pu.D., AND Henry T. Ricketts, M.D. 
(Hicaco, [un 


.. en 2, has described methods for the determination ot eo luecose in urine 
and blood, using dinitrosalievlic acid as an oxidizing agent. The reduced 
dinitrosalieylie acid is determined colorimetrically. This method has been em- 


6 


ploved extensively by Exton®° for the determination of both urinary glucose 
and, by modification, other sugars found in urine. Recently, Leech and Wood- 
ford* have utilized this principle in a simple and rapid method for the approxi- 
mate estimation of blood elucose. 

The present paper deals with the employment and detaiied evaluation of 
this method, slightly modified, for the determination of glucose in urines that 


do not contain other reducing sugars, 


PROCEDURE 
The following procedure was found to be satisfactory. 
Preparation of the Reagent.—Solution 1: 120 Gm. of sodium potassium tartrate and 
6 Gm. of phenol (erystalline) are dissolved in 850 ¢.c. of water. <A solution of 6 Gm. of 
dium bisulfite in 60 ¢.c. of water is added. 
Suspension 2: 20 Gm. of 3-5 dinitrosalicvlic acid monosodium salt are suspended in 
S00 ¢c.c, of water, care being taken to avoid large lumps. 


) 


Solution 3: 40 Gm. of sodium hydroxide are dissolved in 400 ¢.c. of water and cooled. 

Forty cubic centimeters of Solution 3 are added to Suspension 2 and the mixture is 
aken until the salt has dissolved. This is completed in a very short time if there are no 
rge lumps in the suspension. Now Solution 1 is added and mixed well with the solution of 
nitrosalieylate. Finally 820 ¢.c. of Solution 3 are added in three or four portions. The 
xture is shaken after the addition of each of these portions. If all of the sodium hydroxide 
added at once, a precipitate may be formed which is very difficult to redissolve. The volume 
nade up to 2,000 ¢.e. with water. 

This reagent is kept for two weeks at 25 to 30° C. before use. 

The Reduction and the Colorimetric Determination.—Ten cubic centimeters 
reagent are pipetted into a 19 mm. test tube and 0.1 ¢.e. of urine is added 
mm a blood eapillary pipette. The pipette is rinsed in the reagent and the 
xture is stirred with the pipette or a glass rod. To another 10 ¢.c, of reagent 
i similar test tube is added 0.1 ¢.¢. of water. The tubes are heated in boiling 
ter for three minutes and cooled to room temperature. 

"he optical density is determined by spectrophotometry* in a 19 mm. tube, 
ng the reagent blank as a standard. For elucose concentrations below 0.6 

From the Department of Medicine, University of Chicago. 

This work was performed as part of a project supported by the Division of Research 

and Fellowships, National Institutes of Health, United States Public Health Service. 

Received for publication, June 22, 1949. 

*Different types of colorimeters may be used. The described procedure is based upon 

iployment of a Coleman Junior Spectrophotometer which proved very satisfactory for 


irpose. It may be operated rapidly and gives a reasonable degree of accuracy. 
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per cent the wave leneth 540 my is used: for coneentrations above this value, 
700 mp is used. The glucose concentration is found from a standard curve o1 
from Table IIT. Finally, the temperature of the solutions is measured and, if 
necessary, a correction made by means of Table LV. 


RESULTS AND COMMENT 
It was found that the results vary, depending on tie method of preparing 


the reagent. The amount of color developed is further dependent upon the age 
of the batch of reagent used. From Fig. 1 it will be seen that the intensity o1 
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Fig. 1 The density olor obtained after boiling, using the same batch of reagent at different 
periods of time after preparation, Constant glucose oncentration. 


the color, when the reagent is kept at 27° C., increases for the first twelve days 


or so and thereafter remains constant. It is thus necessary to leave the fresh]) 
prepared reagent for about two weeks at this temperature before use. At 
lower temperatures a longer time is required, while at 37° C. the aging probabl; 
will be complete in one week. We have tried to age the reagent in five hours i! 
boiling water, This procedure, although suitable for emergency use, is not 
recommended, since it results in a rather dark-colored reagent which is unsuil 


able for exact work. As shown in Table I, the reagent, once it has been aged, 


is Stable for at least three months at room temperature when kept in a brow! 
bottle in the dark. 


TABLE I, DENSITIES FOUND, USING DIFFERENT BATCHES OF REAGENT 


All Glucose Concentrations Are 0.5%. Each Value Is the Average of 5 Determinations 


DATE OF PREPARATION O| AGE OF REAGENT 
REAGENT DAYS DENSITY AT 22” C. 
3/60 S4 0.800 
3/6 hf 0.826 
3/6 99 0.794 
1/16 15 0.840 
1/16 37 0.820 
1/16 58 0.798 
5/24 13 0.817 


5/24 20 0.804 
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Kor pipetting the reagent, an automatic 10 ¢.¢. pipette* is convenient. 

In these experiments 0.1 ¢¢. of urinet was used. The pipetting of this 
volume with a 0.1 ¢.¢. capillary blood pipette is the largest single source of error 
in the method. The pipettes used in this work (Sargent, Chicago), as received 
from the manufacturer, are said to measure 0.1 ¢.¢. + 0.005 cubic centimeter. 
All of thirty pipettes tried were found to be within these limits. 

When working with pure glucose solutions or with urines containing much 
glucose and only small amounts of other reducing substances, the mixture of 
urine and reagent may, if desired, be left at room temperature for an hour 
before boiling. Table II shows the values for optical density where different 
periods of time before boiling were employed.i In the case of very concentrated 
solutions (10 per cent glucose) a certain amount of the brown color develops 
during the first hour at room temperature. This does not affect the final result. 


TABLE II. VALUES FOR OpTicAL DENSITY FOUND WHEN: A MIXTURE OF A PURE GLUCOSI 
SOLUTION AND THE REAGENT REMAINED AT ROOM TEMPERATURE FOR DIFFERENT 
PERIODS OF TIME BEFORE BOILING 
rIME ( MIN.) DENSITY 

0) 0.650 
5 0.642 
10 0.652 
30 0.653 
60 0.642 


If jarge amounts of creatinine are present, reduction takes place at room 
temperature within a short time, as indicated in Fig. 2. The amount of color 
developed by physiologic concentrations of creatinine is rather small and usually 
can be neglected. If one, however, is interested in determining concentrations 
of glucose in the range of 0.1 to 0.4 per cent, the reduction by creatinine must 
be taken into consideration and the tubes should be put into the boiling water 
is soon as possible after mixing urine and reagent. 

A boiling time of three minutes was found satisfactory. The variation of 
the color obtained by varying the boiling time from 2.5 to 4 minutes is seen in 
lie. 3. One should make sure that there is proper contact between test tubes 
nd boiling water. If many tubes are placed in the water bath without sufficient 
pace between them, the tubes in the middle will remain at a lower temperature 

an the others and erroneous results will follow. 
After boiling, the tubes are placed in cold water. It is convenient to have 
o vessels for this purpose. The tubes are first placed for a few minutes in 

With running tap water and thereafter in the other containing water at 
m temperature. In this way rapid cooling is obtained and all the tubes will 
at room temperature for the colorimetric determination. As will be shown 

r, this is essential, since the intensity of the color depends upon temperature. 


*If mouth pipettes are used it must be remembered that the reagent is caustic and 
nous, 
fIt is usually unnecessary to filter the urine. Even urines containing large amounts of 
pitates will usually give clear solutions on boiling in the strongly alkaline reagent. 
The use of 19 mm. test tubes for heating the mixture of reagent and urine in boiling 
obviates any appreciable loss by evaporation. 
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Fig. 2.—Development of color expressed as density at 540 mu by a solution of creatin 
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Fig. 3.—Twenty test tubes containing samples of the same mixture of glucose and 1 
agent were boiled for different periods of time The variation in density, determined at 5 
mu after cooling, reflects the statistical uncertainty of the determination. In addition, the 
is possibly a slight increase in color from 2.5 minutes to 4 minutes. 


For aecurate work, the colorimetric determination should be earried 01 
within one or two hours after boiling, since there is a small increase in t! 
intensity of the color during the first twenty-four hours as shown in Fig. 
After twenty-four hours there is a decrease in color. The initial value is obtain 
again in a couple of days. 

The method has the advantage that the entire range of glucose concent 
tions usually encountered (0.2 to 10 per cent) can be determined without t! 
necessity of making different dilutions of urine. This not only saves time hi 
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also eliminates an important source of mistakes in computation. Using the Cole- 
man Junior Spectrophotometer and 19 mm. test tubes, it was found that the 
whole range could be covered by employing 0.1 ¢.c¢, of urine to 10 ¢.c. of the 
reagent and determining the developed colors at two different wave lengths. 
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Fig. 4.—The density after boiling as a function of the time during which the tubes remained 
at room temperature. Each point is the average of five determinations. 


or lower concentrations, up to 0.6 per cent glucose, 540 mu was found to be 


optimal, whereas for concentrations in the range 0.6 to 10 per cent, 700 mp was 
‘ound to be optimal. Kor other types of colorimeter, or for this colorimeter 
with a different-sized tube, a different wave length may be found to be better. 
To avoid mistakes it is preferable always to record the densities of all samples 
t both of the two wave lengths. 

It is ordinarily recommended that wave lengths be employed for whieh the 
ibstance to be determined has a maximum or minimum of absorption. This 
uuld not be done in this instance since no such maximum or minimum is present. 

Using other types of colorimeters, it may be necessary to dilute the reaction 
xture. If so, dilution with water should be avoided, since the color is unstable 
cept in strong solutions of sodium hydroxide. Dilution may be made with 
per cent sodium hydroxide which does not influence the stability of the color. 

this case the reagent blank, used as a standard, must be diluted in the same 
portion. It is easier, however, to dilute with the reagent itself, in which 
se the reagent blank ean be used unchanged. 

The eolors of the solutions were found to be dependent to a considerable 
‘ree upon temperature. Thus the density of the reagent increased 20 per 
t with an increase in temperature from 20° to 30° C., whereas the density 
the strongly colored solutions resulting from high sugar concentrations 
‘eases only 9 per cent with the same change in temperature. Therefore 

necessary, first, to keep the reagent blank and the reaction mixture at 
same temperature and, second, to take this temperature into consideration 
he caleulation. To be safe, it is always best to use one reagent blank with 
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TABLE III—ConrT’pD 


TEMPERATURE: 22° Cc. 


Y GLUCOSE OR EQUIVALENT AMT. OF OTHER Yo GLUCOSE OR EQUIVALENT AMT. OF OTHER 
REDUCING SUBSTANCE REDUCING SUBSTANCI 
PROBABLE LOWER UPPER PROBABLI LOWER UPPER 
DENSITY VALUE LIMIT LIMIT DENSITY VALUI LIMI1 LIM!‘ 
.62 6.4 5.9 6.9 oe 9.2 8.5 9.9) 
64 6.7 6.2 7.2 S4 9.5 8.7 10.3 
66 6.9 6.4 7.4 SG gg 9.2 10.6 
68 1.2 6.7 ea: 
70 7.4 6.9 7.9 
yf ie 7.2 8.2 
74 8.0) 7.4 8.6 
76 8.2 Teak S.9 
18 8.6 8.0 9.2 
SO 8.9 8.3 9.5 


each lot of tubes boiled. In this way one can be sure that there is no great 
temperature difference between reagent blank and reaction mixture. Table 
IIL is calculated for a temperature of 22° C. For other temperatures a corree- 
tion® must be made. Table IV shows the values for this correetion, These are 
appheable, no matter what type of colorimeter is used. 


TABLE ITV. TEMPERATURE CORRECTIONS 


ae — TEMPERATURE C. 
GLUCOSE CONCENTRATION FOUND 


FROM TABLE III 1) »() 25 0) 5 
(% CORRECTION (% GLUCOSI 
| 00 00 00 00 Ol 
= AO] 00 00 0] 02 
3 02 00 00 02 03 
4 02 OO] 0] 02 O04 
a £05 1 4 05 .O5 
6 03 0] 0] 03 06 
Re) 4 OO] OO] 04 LOS 
1.0 05 02 02 05 220 
1.5 LOS O02 03 OS ie 
2.0 10 03 O4 A 270 
2.9 5 LO4 06 13 5 
3.0 15 05 OS Ld .30 
4.0 20 06 09 2) 40 
5.0 25 08 PE 20 20 
6.0 3 J J 6 
7.9 { l J 7 
8.0 t a 2 } g 
9.0 S a 2 ) vo 
10.0 0 ie oe Aa 1.0 


Hor computation of the sugar concentration from the density, a set of two 
ves can be used, one for each of the two wave leneths. For routine use, 
vever, a table such as Table IIT is more convenient and is less subject to 
takes in application. 

It should be pointed out that the relation between density and glucose con- 
ration is not linear, It is especially remarkable that small amounts of 
ose give no color at all. Thus a density reading of approximately zero means 


*For clinical work in which approximate values are satisfactory, and in which laboratory 
ratures vary only a few degrees, this correction is unnecessary. 
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not that there is no glucose in the urine but that there is less than about 0.1 
per cent. For clinical purposes glucose concentrations as low as this are usually 
of no significance. 

For the purpose of rough estimations, where an error of +20 per cent is 
unimportant, the standard curve may be determined by applying the previousl) 
deseribed procedure to known solutions of glucose. If limits of error of about 
+10 per cent are required, great care must be taken to make the standard curve 
exact enough. In this work the following procedure was employed. 

The glucose content of a commercial dextrose preparation was determined 
by polarimetry. From this preparation a solution was made up, containing a 
known amount of glucose per gram. <A portion of this solution was weighed 
out, water added to make a total volume of 1 ¢.¢., and 100 ¢.c, of reagent were 
added. After thorough mixing, the solution was divided into ten portions in 
each of ten test tubes and heated in boiling water for three minutes. After 
cooling, the color was determined in the usual manner using ten different tubes 
of reagent blank. The average of the ten readings makes up one point of the 
curve. The figures in Table ITI are read from this standard curve. 

A number of ealibrated colorimeter tubes were used for determination of 
the density of the same solution. They were found to vary slightly, the standard 
deviation being +0.5 per cent. Other colorimeter errors were found to cause a 
standard deviation of +1 per cent. The errors in determining the points on the 
standard eurve, made in the previously described manner, were found to cause 
a standard deviation in the apparent glucose concentration of +0.4 per eent for 
values higher than 0.3 per cent glucose. 

The upper and lower limits of error, given in Table LIT, were ealeulated 
from these figures together with the previously mentioned pipette errors. These 
limits are determined in such a way that the probability is about 99 per cent 
that the true value is to be found within them. 

The method deseribed is sufficiently accurate for clinical work, The Bene 
dict titration, in the form in which it is carried out in many elinieal laboratories, 
that is, without any precautions to prevent the oxidizing influence of the air 
is much less accurate. Titrations of eleven portions of a single sample of urine 
from a diabetic patient showed the following percentages of glucose: 1.3, 1-4, 
G.9, 1.3, 1.2, 0.8, 1.0, 1.1, 1.9, 1.9. The proportion between the highest and tli 
lowest of these values is more than 2:1. 


Interference by Substances Other Than Glucose.—In the present work, 
was assumed that no sugars other than glucose were present. The fact t! 
different sugars give different reduction rates with the dinitrosalicylie reage't 
has been utilized by Exton® for the identification of these substances in urin 
We have found, however, that the relative rates of reduction depend not al 
upon which sugar is present but also to some extent upon the concentrati: 
Thus, further investigations must be carried out before the method ean 
adapted to routine use for the differentiation of melliturias, 

Other reducing substances present in urine, such as creatinine, urie a 
phenols, and amino acids, may interfere with the determination of glucose 
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most of the methods in common use. In order to test their effect on the present 
method, the following substances were added to the reagent in amounts corre- 
sponding to very high concentrations in the urine: 11 per cent phenol, 22 per 
cent salievlic acid, 10 per cent acetone, 30 per cent urea, 10 per cent oxalic acid, 
and 3 per cent uric acid. None of these substances gave any measurable color. 
The color produced by creatinine has been mentioned previously ; 0.16 per cent 
creatinine in the urine was found to give a density of 0.03 after standing at 
room temperature for an hour. For most clinical purposes reduction by ereatin- 
ine can be neglected. 

A number of urines from dogs were determined both by this method and 
by the Benedict titration (Table V). In about half of the *‘normal’’ urines the 
Benedict method yielded considerable amounts of reducing substances, the 
maximum being 0.9 per cent expressed as glucose equivalent and values of about 
0.6 per cent being very common. In one such urine no fermentation oeeurred 
with yeast ; whereas a nonreducing urine to which was added 0.6 per cent glucose 
vave a slight fermentation. In contrast, by the dinitrosalieylie acid method 
much lower reducing values were found in the same urines, usually about half 
as much as by the Benedict titration, indicating a higher degree of specificity 


of the present method. 


TABLE V. RepuUCING POWER OF DIFFERENT SAMPLES OF DoG URINES AS DETERMINED BY THI 
BENEDICT METHOD AND BY THE DINITROSALYCILIC ACID METHOD 


Values Are Expressed as Per Cent Glucose Equivalent 


RENEDICT DINITROSALICYLIC ACID 
0.1 Less than 0.1 
0.25 0.1 
0:7 0.26 
0.33 O.15 
0.25 0.1 
0.6 0.27 
0.6 0.24 
0.83 0.44 
0.6 0.33 

Less than 0.1 Less than 0.1 
0.4 0.14 
0.36 Q.12 
0.58 0.36 
0.56 0.30 
0.40 0.36 
0.51 0.23 


SUMMARY 

A modification of Sumner’s method has proved very satisfactory as a routine 
hod for the determination of glucose in urine. The procedure has the 
antage that the entire range of glucose concentrations from 0.2 to 10 pei 
is covered without using different dilutions of the urine. The limits of 

' are within +10 per cent for concentrations higher than 0.3 per cent glucose. 
such eoncentrations the influence of nonsugar reducing substances ean be 
ly neglected. This method is thus more specific than other routine methods. 

igars other than glucose are present, however, erroneous results will be 


ned. 
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A SIMPLE METHOD FOR DETERMINING SULFONAMIDE 
SENSITIVITY IN VITRO AND ITS CLINICAL APPLICATION 


Fritz B. ScHWEINBURG, M.D., AND ALEXANDER M. Rutenpura, M.D. 
Boston, Mass. 


HIS communication describes a simple method for the determination of the 

relative sensitivity of a given bacterial strain to different sulfonamides. A 
method for this purpose has not heretofore come into clinical use, in part because 
various substances contained in the usual culture media, particularly peptone,’ 
prevent a determination of the absolute antibacterial effect of sulfonamides. 
Special media which do not contain such inhibitors have been prepared," but 
the techniques involved are too laborious for practical clinical application. 
Peptone-containing media however, if properly prepared, can be used for deter- 
mining the relative antibacterial potency of various sulfonamides against a 
given bacterial strain. The method deseribed below enables one not only to 
determine the sensitivity of a given bacterial strain to a series of sulfonamides 


but also to choose the most potent one. 


METHOD 


Nutrient broth (Difco) containing 0.5 per cent peptone was adjusted to a pH of 8.2 


in order to obtain maximum solubility of the sulfonamides. The amount prepared was suffi 

ent to serve for all procedures of the entire study. For growth of the more fastidious bac 
teria the pH was lowered (pH 7.6) and horse serum (5 per cent) and glucose (1 per cent) 
were added. Serial dilutions of each of a 1,000 mg. per cent stock solution of the various 
sulfonamides were prepared in concentrations of 750, 500, 200, 100, 50, 25, and 10 mg. per cent 
respectively. One cubic centimeter of each of the eight dilutions was placed in Wassermann 

es. To each tube was added 0.1 e.c. of a bacterial suspension prepared by diluting an 
eighteen to twenty-four hour culture so that 0.1 ¢.c. contained 1,000 to 20,000 bacteria. <A 


trol tube containing broth and no sulfonamide was inoculated with 0.1 ¢.ec. of the same 


terial suspension. 
Such small inocula were used because for some strains large inocula are said to de- 
s the activity of the sulfonamides.s The broth prepared as described was used to pre 
all stock solutions, all the dilutions of the sulfonamides, and the bacterial cultures and 
tions. The tubes were incubated for twenty-four hours at 37° C. The lowest concentra 
of each sulfonamide which completely inhibited macroscopically visible growth was taken 
‘ the bactericidal titer. The concentration of each sulfonamide which produced a recog- 


bly lesser degree of turbidity than the control tube was considered to be the bacteriostatic 


We are aware of the fact that this method of reading an in vitro test is somewhat in- 
ate. The last clear tube may contain a small number of viable bacteria, which may be 
‘yed within another twenty-four hours or may start to multiply after twenty-four hours 
elapsed. Also, a tube macroscopically just as cloudy as the control tube might well con 
ver organisms than the latter. However, for practical purposes, these possibilities can 
ected, as will be shown in the discussion of the results. 
from the Kirstein Laboratory for Surgical Research, Beth Israel Hospital, and the De- 
nt of Surgery, Harvard Medical School. 
cknowledgment is due Miss Sunya Gordon and Miss Annette Freedman for technical 
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RESULTS 
Two hundred bacterial strains were studied. Markedly different action 
was observed by various sulfonamides on many strains of Escherichia coli, Aero- 
bacter aerogenes, Klebsiella pneumoniae, Eberthella typhi, Salmonella schott- 
milleri, Salmonella enteritidis, Bacillus proteus vulgaris, and Pseudomonas 


aeruginosa and among some strains of Staphylococcus aureus hemolyticus, but 
only rarely on various strains of hemolytic streptococci and pneumococci. Some 
hacterial strains of each of these species were equally resistant while others were 
equally sensitive to all sulfonamides studied. Gram-negative cocci and gram 


positive bacilli were not examined, Table I provides a few significant examples. 


CLINICAL OBSERVATIONS 
The clinical importance of such tests for selecting the most effective sulfon 
amide is emphasized by the following representative case histories. 


CASE 1.—A 25-year-old man with pneumonia of the right upper lobe was treated with 
large doses of sulfadiazine for three days without effect. At this time, the process extended 


A pneumococcus Type 1, isolated from blood and sputum, was 


to the right middle lobe. 
completely resistant in vitro to penicillin, sulfadiazine, sulfamerazine, and sulfamethazine. 
The bactericidal titer with sulfathiazole was 100 mg. per cent. Administration of sulfathiazole 
in adequate dosage led to recovery within thirty six hours. 

CASE 2.—A_ sequestrectomy was performed in a girl of 10 with osteomyelitis of the 
right tibia of four to five weeks’ duration. Penicillin and sulfadiazine were administered 
without effect. Temperature remained high. 
the draining sinus in pure culture, was completely resistant 
The bactericidal titer wit 


A hemolytic, coagulase-positive Staph. aureus, 
isolated from in vitro to 
penicillin, sulfadiazine, sulfamerazine, and sulfamethazine. 


sulfathiazole was 250 mg. per cent. Following sulfathiazole therapy, fever rapidly de 


clined, drainage subsided, and the patient recovered. 


CASE 3.—A 70-year-old woman with acute postoperative cystitis due to Esch. c¢ 


was treated for five days with full doses of sulfadiazine without effect. The strain was com 


pletely resistant in vitro to sulfadiazine, sulfathiazole, sulfamethazine, and streptomycil 
The bactericidal titer with Nu 445 (3,4-dimethyl-5-sulfanilamido-isoxazole) was 100 mig. } 


There was complete clinical and bacteriologic cure after three days of treatment w 


wT 
cent. ith 
Nu 445. 

A 40-year-old woman with acute pyelonephritis and cystitis due to Esch. co 


CASE 4. 
The bactericida 


was treated for six days with full doses of sulfadiazine without improvement. 
900 mg. per cent, but wit! 


sulfadiazine, sulfathiazole, and sulfamethazine was 


titer with 
Clinical and bacteriologic cure was achieved within six day 


Nu 445 it was 250 mg. per cent. 
with Nu 445. 


Case 5.—Following prostatectomy a 59-year-old man developed acute cystitis 
bilateral pyelonephritis due to A. aerogenes and Ps. aeruginosa, Prolonged therapy wit! 
sulfadiazine and later with sulfamerazine was ineffective. Both strains were resistant in vil 
to sulfadiazine, sulfamerazine, and sulfathiazole. The bactericidal titer of the 4A. aero 
Treatme 


with sulfamethazine was 100 mg. per cent, of the Ps. aeruginosa, 250 mg. per cent. 
with this drug rapidly cured the infection. 

CASE 6.—A 66-year-old woman following perineorrhaphy developed acute cystitis due 
Ps. aeruginosa and B. faecalis alcaligenes. 
vitro tests showed a bactericidal titer for the B. alcaligenes of 100 mg. per cent with sul 
The Ps. aeruginosa was completely resistant 


Penicillin in large doses was without effect. 


diazine, sulfathiazole, and sulfamethazine. 
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sulfadiazine and sulfathiazole. The bactericidal titer with sulfamethazine was 100 mg. per 
cent. Sulfamethazine administration led to complete clinical and bacteriologie cure within 
three days. 


DISCUSSION 


The method deseribed is based on the assumption that the inhibitors con 
tained in the broth do not affect the relative potency of the sulfonamides used 
in these tests, even if they do substantially lower the absolute potency. From 
the available evidence* ** it appears that the same amount of inhibitor affects 
sulfadiazine, sulfathiazole, and sulfapyridine equally. While such data are not 
available for sulfamethazine or Nu 445, our experience suggests that this is 
probably also the case for them. 

Although the action of a sulfonamide on a given strain is stronger the 
simpler the composition of the medium,** we observed that the marked differ 
ences in relative potency of the various sulfonamides on a given bacterial strain 
were exactly the same whether a simple synthetic medium or a broth was used 
(Table 11). The difference in potency is of the order of one to two tubes. This 
observation indicates that the foregoing method is sufficiently aceurate for 
routine laboratory work. 

TABLE IT. COMPARISON OF BACTERICIDAL TITERS IN MG. PER CENT OF STRAINS OF ESCH. CO! 


IN NUTRIENT BROTH AND IN THE SYNTHETIC MEDIUM OF KOHN AND HARRIS? 
IN VARIOUS SULFONAMIDES 


NUMBER OF MEDIUM 

STRAIN BACTERIA (pH 7.2 SD SM SMT ST PS1 Nu 445 
 eshh 2 2.000 Broth 750 750 P50 L100 250 500 
Synthetic med, 250 P50 50 95 YE) 100 
E. coli 2 1.000 Broth 1,000 750 | 500 100 500 750 
Synthetic med. 750 500 250 50 250 500 
E. coli 3 3.000 Broth 1.000 1.000 750 1,000 1,000 950 
Synthetic med. 750 750 500 750 750 100 
oe 1.000 Broth 500 500 100 950 500 750 
Synthetic med. 250 250 50 LOO 250 500 

SD, sulfadiazine; SM, sulfamerazine SMT, sulfamethazine; ST, sulfathiazole; PST 


sulfathalidine; Nu 445, 3,4-dimethyl-5-sulfanilamido-isoxazole. 
Similar comparative tests done with strains of A. aerogenes, B. proteus vulgaris, and Ps 
aeruginosa gave similar results. 


From the close correlation between results of the in vitro test and the thera 
peutic effeet, two further conclusions may be drawn: (1) The choice of the 
sulfonamide should be made on the basis of the bactericidal and not the bacterio- 
static titer. The gap between the two titers varies with nearly every strai! 
While they are occasionally identical, the bacteriostatic titer is often from one 
tube to three to four tubes removed from the bactericidal titer. (2) A sulfo! 
amide exerting bactericidal action on a given strain in a concentration of 250 
mg, per cent or lower is very likely to be therapeutically effective. If the b 
tericidal titer is 500 mg. per cent, the clinical action of the drug is questiona! 
but the drug should be tried if a more effective agent is not available. Sulton 
amides with a bactericidal titer of 750 mg. per cent or higher are not the 


peutically effective. 
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This study emphasizes the fact® that the sensitivity of different strains of 
a given species of bacteria is extremely variable. Some strains may be very 


sensitive and others completely resistant to the same sulfonamide. 


SUMMARY 


A simple method for determining the in vitro effect of various sulfonamides 
on a given bacterial strain is described. Clinical experiences are given showing 
the importance of the correct choice of sulfonamide. 

The fact that a majority of the strains of a given species are usually sensi- 
tive to a sulfonamide does not assure a therapeutie effect in a given instance. 
Hence it is frequently necessary to determine the relative sensitivity of the strain 


responsible for the infection to a series of sulfonamides. 
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A MODIFIED ULTRAVIOLET SPECTROPHOTOMETRIC METHOD FOR 
QUANTITATIVE DETERMINATION OF BARBITURATES 


T. C. Gouup, M.A., AaNp C. H. Hine, M.D., Pu.D. 
San FRANCISCO, CALIF. 


INTRODUCTION 


HE three drug depressions most commonly encountered in clinical medicine 

are due to the excessive absorption of aleohol, bromides, or barbiturates. 

The first two of these agents may be determined readily, both qualitativel) 
and quantitatively, by well-established clinical laboratory techniques. The 
qualitative detection of barbiturates also can be carried out with a fair degree 
of success by the Koppanyi method providing sufficient blood or urine samples 
are available. However, until recently, quantification of the barbiturate levels 


Recently, spectrophotometric techniques for quantitative barbiturate de 
terminations in sera have been proposed by others.’)* These techniques are 
extremely sensitive, so that an accurate barbiturate determination ean be 
made on as little as 1 ml. of blood. The method developed in this laboratory 
has a distinct advantage over previous methods in that it can be applied 
directly to serum extracts with the elimination of interference due to serum 
and reagent blanks. We have used this procedure as a diagnostie aid in over 
fifty cases of barbiturate intoxication during the past year and have followed 
the blood levels of a number of these patients during their course of recover) 
in the hospital. 

Determination of barbiturate sera levels aids the clinician in evaluating 
the relative effectiveness of various therapeutic measures he employs in his 
treatment of barbiturate intoxication. 


EXPERIMENTAL 


General Description of the Method.—The barbiturate is extracted directly from seru 
in & semimicro continuous extractor using diethyl ether. The ether is evaporated and thi 
barbiturate residue is brought into solution as the sodium salt using a borate buffer of pl 
9.5. Optical density of the solution is determined by means of a Beckman spectrophotomet 
and the amount of drug present is caleulated using a standard curve prepared by a met! 
which eliminates blank serum interference. 

Importance of the Influence of pH on the Absorption Spectra—The influence of pl 
on the absorption spectra of barbital and the 5,5 disubstituted barbiturates was reported 
Elvidge,? Stuckey,+ and more recently by Walker and co-workers.1. We have confirmed th¢ 
studies by measuring the absorption curves of six barbiturates in aqueous solution at varyil 
pH values between 7.0 and 12.0. The barbiturates studied were Amytal, barbital, cye 
barbital, Cyclopal, pentobarbital, and phenobarbital. The absorption curves for Amyt 


which are similar to those of the other barbiturates tested, are shown in Fig. 1. 
From the Division of Pharmacology and Experimental Therapeutics, University of C 
fornia Medical School. 
Supported in part by the Research Committee, University of California Medical School 
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The observation, as reported by Goldbaum,? that each barbiturate gives a characteristic 
absorption curve at pil 11 or greater suggested the possibility that the ratios of the optical 
densities at specific wave lengths could be used as criteria for the differentiation of the 
various barbiturate derivatives. The use of this means of identification is of little practical 
significance in Clinical analysis, however, since the marked absorption due to blood or serum 
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Fig. 1.—Absorption curves of Amytal in aqueous solution at varying pH values. 


willy obscures not only the characteristic maximum but the other critical portions of the 
rve. The greatest amount of absorption per unit concentration is obtained between the pH 
ues 9.0 and 10.0. Within this range of alkalinity all 5,5 disubstituted barbiturates develop 
ik absorption in the wave length range from 239 to 240 millimicrons. Although it is not 
possible to differentiate any one of the barbiturates by the shape of its absorption spectra 
this pH range, the type of curve obtained with its steep slope is least likely to be obliterated 
nterfering serum blanks. 
Thus, the optimum pH range for measurement of the absorption spectra of barbiturates 
found to lie between 9.0 and 10.0. In the determination of drug levels in serum, unless 
the solution is carefully maintained in this range of alkalinity, variations may appear in the 
rption curve which give erratic results. With reference to Fig. 1, it is evident that 
irement of optical density at a pH of 11, rather than from 9 to 10, would result in 
( about 85 per cent recovery. For this reason we have used a borate buffer of pH 9.5 
¢ solvent in the determination of barbiturate absorption. 
Interference by Serum Blanks.—Interfering absorption by ether or chloroform ex- 
tracts of serum proved to be a problem of considerable difficulty. In experimental work 
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a blank serum specimen can be determined prior to the administration of the drug, and, 
provided no change occurs in the blank, a correction factor may be applied for the subse 
quent barbiturate determination. In clinical and forensie medicine, however, these blank 
samples are rarely available. Thus, the amount of absorption due to serum itself is un 
known, and the accuracy of the quantitative determination of the drug is subjeet to a 


variable degree of error. 


400 —— NORMAL SERUM 
a PENTOBARBITAL 


OPTICAL DENSITY 


10Of}- 











225 240 265 
Mp 
— Fig. 2.—Absorption curves of ether extracts of normal human serum in borate buffer (pH 
9.5). The absorption curve of pentobarbital (Sy per milliliter in borate buffer of pH 9.5) is 
perimposed to illustrate the importance of serum interference. 


Goldbaum? has suggested an optical density value of 0.030 to be applied as a cont: 


gg 
blank in toxicologic analyses where no barbiturate-free samples of normal blood are 
available. This value was reported as the average for chloroform extracts of all norm: 
») 


blood samples measured at 255 my in 0.5N sodium hydroxide. Determinations were ma 


in this laboratory of the optical densities of both ether and chloroform extracts of a series 
of 150 sera obtained from patients having had no history of recent drug ingestion. T 
optical densities of these ‘‘normal’’ sera were found to vary between 0.040 and 0.250 
wave length 240 millimicrons. Serum absorption measured at 255 mu was only slight 
less. The absorption curves of a few typical specimens of normal human serum are sho 


; 
( 


in Fig. 2, with an absorption curve of pentobarbital superimposed to illustrate 
importance of blank serum interference. It is evident that no average blank value 
any significance can be derived from these results. 

Walker and associates have reported a method for the elimination of blank int 
ference due to blood in which they employ an acid-alkaline shift.1. The procedure is 
applicable to direct extracts of blood or serum, as stated by Walker and confirmed by 
experiments, and must be carried out on the filtrate of a tungstate-sulfuric acid prot: 
precipitation. In so doing approximately 25 to 35 per cent of the barbiturate is 


accounted for, a factor which limits the accuracy of the method. 
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A satisfactory method of correcting for the interference of absorption due to 
serum and reagent blanks was devloped in this laboratory by adapting a procedure 
described by Tunnicliff.6 The correction can be applied to extracts made directly from 


serum without preliminary protein precipitation. Fig. 3 illustrates an actual problem, 


demonstrating that the curve obtained from any clinical specimen (pentobarbital in serum 
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Fig. 3.—Absorption curves of ether extracts of serum and pentobarbital in serum, and 
lard pentobarbital curve. All absorption curves were determined in borate buffer at pH 
’ The pentobarbital concentration was Sy per milliliter. 


e additive effect of the blank serum curve plus the actual barbiturate curve. It is 
ent that the peak absorption, D, cannot be used as a measurement of drug concentra- 
since an unknown fraction of its magnitude is due to serum absorption. The method 
ave adopted is based on the observation that the absorption curves of normal blank 
conform approximately to a straight line in the range of wave lengths from 225 to 
- uw (Fig. 2). Thus, with reference to Fig. 3, if a base line is drawn between the optical 
ty values d, and d,, a value, d, is obtained which serves as an adequate index for 
mount of barbiturate present since it is directly proportional to drug concentration, and 


not significantly altered by serum blanks. This d value may be obtained either graphically 





1466 GOULD AND HINE 


by plotting the three values, d,, D, 


and d,, and drawing the base line d,d,, or by simple 


algebraic calculation using the equations: 


d D dy A 

a) 5 
where d, od; od B 

The derivation of (B) is as follows: 
d, d, A; rN, CO 

d, — d, = i 

d, d (A, r, d, (A, A : 
; ee Phe tes D 


Substituting wave length values in Equation (1) and solving 


d, d, (?40 265) d, (240 995 I 
(225 — 265) (225 — 265) 
which results in (B 
; 5 } 
d. d d, B 
8 Files 
A practical example will be cited to illustrate how the calculation may be applied 


(Table 1) 


on, I, a blank sample of human serum, and III, the same serum to which had been added 


Following the regular extraction procedure the optical density was determined 


a known quantity of pentobarbital. II represents the standard absorption curve of the 
Table I leu 


Fig. 3 example 


concentration of pentobarbital present in the serum. 
lated A) (B 


includes the data as ea 


alg the 


> 


graphically. 


ebraically using Equations  ( and illustrates 


TABLE I. ILLUSTRATION OF ACCURACY OF CALCULATION OF BARBITURATE CONCENTRATION 
BY THE BASE LINE METHOD 
OPTICAL DENSITY 
PEN TOBARBITAI 
WAVE BLANK SERUM PENTOBARBITAI IN SERUM 
LENGTH SYMBOL I II 11] 
225 mu ds 0.295 0.137 0.432 
240 mu D 0.235 0.320 0.550 
265 mu d, 0.150 0.023 Avs 
: d. 0.094 0.335 
d 0.226 0,220 
y per ml. 8.0 7.8 
By the use of this method the interference due to serum blanks is almost complete! 
eliminated. In the foregoing example, the calculated value of barbiturate level is 97.5 yp 


cent of the actual level. In practice, the accuracy of the method depends in part upon 


nature of the blank serum absorption curve. The curve as a whole, from 225 to 265 mu, do 


not always coincide exactly with the base line d,d,. This is not of great importance, howev 


since it is the amount of deviation in optical density between the serum curve and the b: 


line at 240 mu which is significant. 


This deviation is rarely more than shown in the exam} 





given, 0.006 optical density. 


reflected in the data contained 


1. One milliliter of serum is placed in the extractor, and from 


water are added, depending upon the volume of the extractor. 


The dependability of this correction for blank interference 


Table IT. 


in 


PROCEDURE 
5 to 10 ml. of distill 


Larger volumes of serum n 
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be used when available. Approximately 380 ml. of diethyl ether are placed in the receiving 
flask.* The apparatus is assembled as shown in Fig. 4, the ether being evaporated in a water 
bath regulated between 50 and 55° C. In the event that emulsions are formed at the interface, 


they are readily removed by addition of a few crystals of anhydrous sodium sulfate. When 
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Fig. 4.—Diagram of semimicro extraction apparatus. 


raction is complete (fifteen to sixty minutes) the ether may be evaporated into a clean 

actor and saved for redistillation. The receiving flasks containing the barbiturate residue 
be completely dry before addition of the borate buffer. This is best accomplished by 
ng them in a drying oven for a few minutes. 


*Reagents. Diethyl ether, technical grade: Washed with distilled water, treated with 
us sulfate, dried with anhydrous ecalcium choride, and redistilled, preferably over metallic 


ithh,. 

Borate buffer: 0.2M. boric acid C.P. 
0.2M. potassium chloride, C.P.—Solution A 
0.2M. sodium hydroxide, C.P.—Solution B 


I red according to Peters and Van Slyke® to pH 9.5. 
. \pparatus. Semimicro continuous extractor with condenser and receiving flask (Fig. 4) 
\ r bath with thermostatic control ranging from 50 to 55° C. Beckman Model DU Ultra-violet 


rophotometer with 1 em. quartz absorption cells. 
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TABLE IT. 
(LEVELS WERI 


GOULD AND 


CALCULATED BY 


HINE 


BASE LIN} 


RECOVERIES OF BARBITURATES ADDED TO BLANK SERI 
THI 


METHOD 


M 











NUMBER OF MICROGRAMS AVERAGE RECOVERY 
DETERMINATIONS ADDED (PER CENT) 
1] 14.4 92.2 + 2.75 
14 20.0 98.5 + 1.95 
12 75.0 101.2 + 1.28 
10 100.0 95.7 + 1.8] 

*This includes one standard error of the mean. 

2. When dry, the barbiturate residue is brought into solution with an accurately 
measured quantity of borate buffer (pH 9.5 A volume of 2 ml. or more may be used, de 
pending upon the concentration of drug present. 

.500 
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The 
B. 


representative barbiturates optical densit 


Standard concentration curves of a few 
A and 


is measured in d units calculated from IHquations 


10, 


D, and d, respe 


3. With the barbiturate present in the alkaline form in the pH range from 9.0 to 
oS5. (d 3 


240, and 265 mu 


(A (B 


absorption is determined at three wave lengths, ya 


tively), and the d value is calculated by using Equations and 


4. Barbiturate concentration in the borate buffer is determined by reference to 


(Fig. 5 
The value may be expressed as milligrams per cent in the sera according to the equatior 


als 
vB 
} 


standard curve 


Mg. per cent of barbiturate 0s 


where y micrograms of barbiturate read from the standard curve 
B 


Ss 


milliliters of borate buffer 
milliliters of sample. 
Accuracy of the Method.—Table II includes data from a series of expe! 


ments to determine the accuracy of the method. ba 
(beef, horse, and human) of unknow 


Known amounts of 


biturates were added to normal sera 


optical density levels. The samples were determined according to the proc 


dure outlined in the preceding section with 1 ml. serum and in all instances t! 


base line method was used to determine the drug level. Amytal, barbit: 
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pentobarbital, phenobarbital, and Seconal were the representative barbiturates 
included in the study. No significant difference between the recovery of the 
five barbiturates was noticed. 


DISCUSSION 


Base Line Method of Calculation.—The three wave lengths, 225, 240, and 
265 mp, were empirically chosen sinee this combination of wave lengths resulted 
in the greatest d value per unit concentration. For the actual barbiturate curve 
(Fie. 3), the farther removed the values d, and d, are from d., the greater the 
d index. There are, however, certain limiting factors: at wave lengths less than 
225 mu there is a sudden steep rise in serum absorption as barbiturate absorp- 
tion falls off. Beyond 265 mp, although serum absorption is gradually becoming 
less, the drug absorption also decreases. The wave length 240 muy is the logical 
place for the D absorption since peak absorption oceurs here. 

Interfering Substances.—There are three types of compounds of clinical 
importanee which might cause interference in the barbiturate determination. 

1. Sulfonamides: Although alkaline solutions of sulfonamides elicit absorp- 
tion in the eritical range of the barbiturate spectrum, they may be almost com- 
pletely eliminated when present in serum by the process of extraction. By 
carrying out the extraction procedure at the pH of serum, only negligible inter- 
ference by sulfonamides was obtained with levels as high as 10 mg. per cent 
in serum. The absorption curve of the small amount of sulfonamide which is 
extracted is such that at 240 mp there is no deviation of the curve from the 
d,d, base line. The following sulfonamides were tested at concentrations of 10 
me. per cent and were not found to interfere with the determination: — sul- 
fanilamide, sulfadiazine, sulfaguanidine, sulfapyridine, sulfamerazine, sulfa- 
thiazole. 

9. Salicylates: The salievlates give absorption curves with two maxima, one 
in the eritieal range of barbiturate absorption and the other beyond the limit 
where absorption of the non-thio type of barbiturate occurs. Salieyvlates can be 
identified easily by their characteristic absorption curves and consequently 
should not be mistaken for barbiturates. There is at present no satisfactory 
inethod of eliminating their interference. 

3. Products of Barbiturate Metabolism: In the metabolism of the nonsulfur- 
containing barbiturates the splitting of the malonyl urea ring yields a compound 
which does not produce interfering absorption in the ultraviolet range. It is 
possible that alterations of the barbiturate other than breakdown to a ureide 
ould yield metabolic products which would contribute to the absorption 

ectrum. Whether or not these compounds would be extracted by our method 
nd whether or not their absorption curves could be differentiated from those 
the parent compound are problems which are in need of further investiga- 
Nh, 
In cases of barbiturate intoxication where the identity of the barbiturate 
not known, there is an inherent error in all speectrophotometrie methods, 
since barbiturates differ to some degree in their moleeular extinetion eo- 
ellicients. Krom a practical standpoint this difference is not of great im- 
portanee. It has been our practice when the ingested barbiturate was not 
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known or could not be qualitatively identified to express the sera level in 
terms of pentobarbital, since the d values for this compound are closest to the 


mean of the commonly encountered barbiturates. 


SUMMARY 


A method for quantitative barbiturate analysis has been developed which 
has the following advantages. 
1. The interference due to absorption of reagent and serum blanks is 
eliminated by means of a graphic solution or a simple algebraic calculation. 
2. Careful regulation of pH in determining ultraviolet absorption. in- 
creases the accuracy of the determination. 
3. Samples as small as 1 ml. of serum may be extracted directly without 
preliminary protein precipitation. 
4. There is a considerable economy of glassware and reagents involved 
as well as ease of extraction. 
‘ 
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KAT DETERMINATION IN FECES USING MOJONNIER 
EXTRACTION FLASKS 
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r KAT balance studies the methods commonly employed for the determination 
of the fat in feces have not been particularly satisfactory. The procedure of 
drying the fecal specimens is cumbersome and time consuming, and an error is 
introduced because during the drying and grinding process part of the feces 
sticks to the walls of the receptacles. Extraction of fat with the Soxhlet ap- 
paratus is difficult where the water pressure is not constant and the water is 
not sufficiently cold to condense the ether vapors. This latter feature is par- 
ticularly significant in warm climates. Extraction methods employing wet 
feces are simple and efficient, but it is difficult to avoid emulsification in extrac- 
tion with aleohol and ethyl! ether, hence centrifugation is often necessary. 


METHOD 


An adaptation of the Roesse-Gottlieb fat extraction method applied to wet feces and 
using Mojonnier extraction flasks* was suggested by Hilda F. Wiese, of the Department 
of Pediatrics. 

The feces are washed with distilled water into a tared jar or a Waring Blendor for 
mixing. Water is added to make the sample sufficiently fluid to be drawn into a pipette. 
rhe total weight of feces and water is taken. After thorough mixing either in the Waring 
slendor or with an electric stirrer, which can be inserted directly into the weighed jar, 

to 8 ml. aliquots are withdrawn and transferred directly into the bottom chamber of 
the weighed Mojonnier fat extraction flasks. The extraction flasks are weighed directly 
on an analytic balance. If the total fat excreted is to be reported on the dry basis, 
separate aliquots are measured out for the determination of total solids. 

For the extraction a few drops of concentrated HCl are added, then 12 to 15 ml. 
> per cent alcohol. The flasks are tightly stoppered and shaken for thirty seconds, Then 

ml, ethyl ether are added; the flasks are stoppered and shaken vigorously for sixty 
seconds. “This is followed with 25 ml. petroleum ether and the shaking is continued fon 
‘ty seconds. The flasks are then allowed to stand ten to fifteen minutes for complete 
separation of the ether layer. The Mojonnier fat extraction flasks are so constructed that 
e ether layer can be poured off directly into weighed containers for evaporation of the 
solvents without danger of contamination from the aqueous layer. (See Fig. 1. The 
extraction procedure is repeated using 5 ml. 95 per cent alcohol, 15 ml. ethyl ether, and 
ml. petroleum ether. If the fat content of the feces is very high, it may be necessary 
make a fourth extraction. Just before the last ether layer is poured off, sufticient 
ter is added to fill the bottom chamber, so the ether layer can be removed completely. 
‘ ether extracts are evaporated on the water bath; the flasks are dried in a desiccator 


weighed. With the given proportions of alcohol and ether, emulsions rarely oceur. 
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we Mojonnier fat extraction flasks are manufactured by Mojonnier Brothers Company, 
West Ohio Street, Chicago 44, Ill. 
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However, if emulsification results, this can usually be broken by the addition of a small 
amount of alcohol. Also, it is sometimes desirable to re-extract the fat residues with 
petroleum ether alone. These can be filtered readily through fat-free cotton inserted into 


a small funnel. 











Fig. 1. Mojonnier flask used for fecal fat extraction. 


RESULTS 

In fifty consecutive duplicate determinations, forty-three showed a differ 
ence of less than 2.5 per cent. Two of the samples contained less than 1 per 
cent fat and the differences here were higher (3.8 and 6.1 per cent). These 
specimens were obtained from infants who were maintained on a skimmed milk 
mixture. In the other five instances, differences of 3.3 to 5.1 per cent were 
obtained. These latter determinations were made at the beginning of the study, 
and the maximum variation of 5 per cent in duplicate samples seemed satis 
factory, hence they were not repeated, 

The method deseribed offers several advantages. There is little loss of feces 
in the preparation and transfer of the material. The extraction ean be com- 
pleted in a very short time and emulsification rarely occurs. Duplicate samples 
agreed within narrow limits, except in two instam os where the fat content was 
less than 1 per cent of the sample. 








